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PREFACE  TO  THE  TENTH  EDITION. 


In  the  preparation  of  the  present  edition,  I  have  received 
great  help  from  my  colleague.  Dr.  Vincent  Harris,  Demon- 
strator of  Practical  Physiology  at  St.  Bartholomew's  Hospital 
Indeed,  upon  him,  as  much  as  upon  myself,  has  fallen  the 
difficult  task  of  selection  and  re-an*angement ;  while  he  has 
re-wiitten,  as  an  Appendix,  the  chapter  on  the  Chemical 
Composition  of  the  Human  Body,  as  well  as  many  parts  of 
other  sections.  I  am  indebted  also  to  my  friend  Dr.  Harold 
Schofield  for  much  assistance  in  the  revision  of  the  Histo- 
logical portions  of  the  work,  and  more  particularly  in  the 
section  on  the  Development  of  Bone,  which  he  has  re- 
written. 

Many  illustrations  have  been  added,  and  old  ones  replaced 
by  new;  and  I  am  desirous  of  expressing  my  thanks  to 
Dr.  Klein  and  Mr.  Noble  Smith  for  permission  to  copy  a 
large  number  of  drawings  from  their  Atlas  of  Histology,  and 
to  the  latter  for  the  great  pains  and  skill  which  he  has 
devoted  to  their  execution  on  wood- 
Headings  to  the  leading  paragraphs  of  each  chapter  have 
been  inserted,  an  addition  which  will  be  found,  I  hope, 
serviceable  by  those  for  whom  the  book  is  more  especially 
intended. 

Quotations  of  original  obsei*vations  have  been,  in  all  cases, 
acknowledged  ;  but,  in  addition,  I  am  desirous  of  expressing 
my  obligations  to  the  following  among  works  of  reference : 
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PBEFACE. 


Carpenter's  "  Physiology,"  edited  by  H.  Power ;  Hennanii's 
"  Human  Physiology,"  by  Qamgee  ;  Foster's  "  Text-book  of 
Physiology;"  "Atlas  of  Histology,"  by  Klein  and  Noble 
Smith  ;  "  Balfe's  "  Physiological  Chemistry,"  and  Kingsett's 
"Animal  Chemistry ;"  Fownes'  "Chemistry,"  and  "Journal 
of  Physiology,"  especially  papers  by  Langley. 

To  repeat  what  was  said  in  the  Preface  to  the  previous 
edition, — the  present  work  is  intended  only  as  a  guide,  for 
beginners,  to  those  parts  of  the  science  of  Physiology  which 
are  either  incontrovertible  or,  at  least,  fairly  established.  It 
makes  no  pretence  of  being  either  a  complete  treatise  or  a 
work  of  reference. 

W.   MORRANT   BAKEIL 


26,  WiMPOLE  Street,  Lokdox, 
Sr-ptcmber,  1880. 
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CHAPTER    I. 

THE   GENERAL   AND    DISTINCTIVE   CHARACTERS   OP 

LIVING    BEINGS. 

Human  Physiology  is  the  science  which  treats  of  the  life  of 
nian— of  the  way  in  which  he  lives,  and  moves,  and  has  his  being. 
It  teaches  how  man  is  begotten  and  bom ;  how  he  attains  maturity ; 
and  how  he  dies. 

Having,  then,  man  as  the  object  of  its  study,  it  is  unnecessary 
to  speak  here  of  the  hiws  of  life  in  general,  and  the  means  by 
which  they  are  carried  out,  further  than  is  requisite  for  the  more 
clear  understanding  of  those  of  the  life  of  man  in  particidar. 
Yet  it  would  be  impossible  to  understand  rightly  the  working  of  a 
complex  machine  without  some  knowledge  of  its  motive  power  in 
the  simplest  form ;  and  it  may  be  well  to  see  first  what  are  the  so- 
called  essentials  of  life — those,  namely,  which  are  manifested  by  all 
living  beings  alike,  by  the  lowest  vegetable  and  the  highest 
ftnimAl,  before  proceeding  to  the  consideration  of  the  structure 
and  endowments  of  the  organs  and  tissue  belonging  to  man. 

The  essentials  of  life  are  these, — ^Birth,  Growth  and  Develop- 
ment, Decline  and  Death. 

The  term,  births  when  employed  in  this  general  sense  of  one 
of  the  conditions  essential  to  life,  without  reference  to  any  particu- 
lar kind  of  living  being,  may  be  taken  to  mean,  separation  from  a 
parent,  with  a  greater  or  less  power  of  independent  life. 

Taken  thus,  the  term,  although  not  defining  any  particular 
stage  in  development,  serves  well  enough  for  the  expression  of  the 
hctf  to  which  no  exception  has  yet  been  proved  to  exist,  that  the 
capacity  for  life  in  all  living  beings  is  got  by  inheritance. 
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Growtlby  or  inherent  power  of  increasing  in  size,  although  essen- 
tial to  our  idea  of  life,  is  not  confined  to  living  beings.  A  crystal 
of  common  salt,  or  of  any  other  substance,  if  placed  under  appro- 
priate conditions  for  obtaining  fresh  material,  will  grow  in  a 
fashion  as  definitely  characteristic  and  as  easily  to  be  foretold  as 
that  of  a  living  creature.  It  is,  therefore,  necessary  to  explain 
the  distinctions  which  exist  in  this  respect  between  living  and 
lifeless  structures ;  for  the  manner  of  growth  in  the  two  cases  is 
widely  different. 

(i.)  The  growth  of  a  crystal,  to  use  the  same  example  as  before, 
takes  place  merely  by  additions  to  its  outside ;  the  new  matter  is 
laid  on  particle  by  particle,  and  layer  by  layer,  and,  when  once 
laid  on,  it  remains  unchanged.  The  growth  is  here  said  to  be 
superficial.  In  a  living  structure,  on  the  other  hand,  as,  for 
example,  a  brain  or  a  muscle,  where  growth  occurs,  it  is  by 
addition  of  new  matter,  not  to  the  surface  only,  but  throughout 
every  part  of  the  mass ;  the  growth  is  not  superficial  but 
tnierstitiaL 

(2.)  All  living  structures  are  subject  to  constant  decay;  and 
life  consists  not,  as  once  supposed,  in  the  power  of  preventing  this 
never-ceasing  decay,  but  rather  in  making  up  for  the  loss  atten- 
dant on  it  by  never-ceasing  repair.  Thus,  a  man's  body  is  not 
composed  of  exactly  the  same  particles  day  after  day,  although  to 
all  intents  he  remains  the  same  individual  Almost  every  part  is 
changed  by  degrees ;  but  the  change  is  so  gradual,  and  the  renewal 
of  that  which  is  lost  so  exact,  that  no  difference  may  be  noticed, 
except  at  long  intervals  of  time.  A  lifeless  structure,  as  a  crystal, 
is  subject  to  no  such  laws ;  neither  decay  nor  repair  is  a  necessary 
condition  of  its  existence.  That  which  is  true  of  structures  which 
never  had  to  do  with  life  is  true  also  with  respect  to  those  which, 
though  they  are  formed  by  living  parts,  are  not  themselves  alive. 
Thus,  an  oyster-shell  is  formed  by  the  living  animal  which  it 
encloses,  but  it  is  as  lifeless  as  any  other  mass  of  inorganic  matter; 
and  in  accordance  with  this  circumstance  its  growth  takes  place, 
not  interstitialli/,  but  layer  by  layer,  and  it  is  not  subject  to  the 
constant  decay  and  reconstruction  which  belong  to  the  living. 
The  hair  and  nails  are  examples  of  the  same  fact. 

(3.)  In  connection  with  the  growth  of  lifeless  masses  there  is  no 
alteration  in  the  chemical  constitution  of  the  material  which  is 
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takcu  up  and  added  to  the  previously  existing  mass.  For  example, 
when  a  crystal  of  common  salt  grows  on  being  placed  in  a  fluid 
which  contains  the  same  material,  the  properties  of  the  salt  are 
not  changed  by  being  taken  out  of  the  liquid  by  the  crystal  and 
added  to  its  surface  in  a  solid  form.  But  the  case  is  essentially 
different  in  living  beings,  both  animal  and  vegetable.  A  plant, 
like  a  crystal,  can  only  grow  when  fresh  material  is  presented  to 
it ;  and  this  is  absorbed  by  its  leaves  and  roots  ;  and  animals  for 
the  same  purpose  of  getting  new  matter  for  growth  and  nutrition, 
take  food  into  their  stomachs.  But  in  both  these  cases  the 
materials  are  much  altered  before  they  are  finally  assimilated  by 
the  structures  they  are  destined  to  nourish. 

(4.)  The  growth  of  all  living  things  has  a  definite  limit,  and  the 
law  which  governs  this  limitation  of  increase  in  size  is  so  invariable 
that  we  shoidd  be  as  much  astonished  to  find  an  individual  plant 
or  animal  without  limit  as  to  growth  as  without  limit  to  life. 

Development  is  as  constant  an  accompaniment  of  life  as  growth. 
The  term  is  used  to  indicate  that  change  to  which,  before  maturity, 
all  living  parts  are  constantly  subject,  and  by  which  they  are 
made  more  and  more  capable  of  performing  their  several  functions. 
For  example,  a  full-grown  man  is  not  merely  a  magnified  child ; 
his  tissues  and  organs  have  not  only  grown,  or  increased  in  size, 
they  have  also  developed,  or  become  better  in  quality. 

No  very  accurate  limit  can  be  drawn  between  the  end  of  de- 
velopment and  the  beginning  of  decline ;  and  the  two  processes 
may  be  often  seen  together  in  the  same  individual.  But  after  a 
time  all  parts  alike  share  in  the  tendency  to  degeneration,  and 
this  is  at  length  succeeded  by  death. 

Differenoes  between  Plants  and  Animals. — It  has  been 
already  said  that  the  essential  features  of  life  are  the  same  in  all 
living  things ;  in  other  words,  in  the  members  of  both  the  animal 
and  vegetable  kingdoms.  It  may  be  well  to  notice  briefly  the 
distinctions  which  exist  between  the  members  of  these  two  king- 
doms. It  may  seem,  indeed,  a  strange  notion  that  it  is  possible 
to  confound  v^;etables  with  animals,  but  it  is  true  with  respect 
to  the  lowest  of  them,  in  which  but  little  is  manifested  beyond 
the  essentials  of  life,  which  are  the  same  in  both. 

(i.)  Perhaps  the  most  essential  distinction  is  the  presence  or 
absence  of  power  to  live  upon  inorganic  material     By  means  of 
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their  green  colouring  matter,  chlorophyll — a  substance  almost 
exclusiyelj  confined  to  the  vegetable  kingdom,  plants  are  capable 
of  decomposing  the  carbonic  acid,  ammonia  and  water,  which  they 
absorb  by  their  leaves  and  roots,  and  thus  utilizing  them  as  food. 
The  result  of  this  chemical  action,  which  occurs  only  under  the 
influence  of  light,  is,  so  far  as  the  carbonic  acid  is  concerned,  the 
fixation  of  carbon  in  the  plant  structures,  and  the  exhalation  of 
oxygen.  Animals  are  incapable  of  thus  using  inorganic  matter, 
and  never  exhale  oxygen,  as  a  product  of  decomposition. 

The  power  of  living  upon  organic  as  well  as  inorganic  matter 
is  less  decisive  of  an  animal  nature ;  inasmuch  as  fungi  and  some 
other  plants  derive  their  nourishment  in  part  from  the  former 
source. 

(2.)  There  is,  commonly,  a  marked  difference  in  general  chemical 
composition  between  vegetables  and  animals,  even  in  their  lowest 
forms ;  for  while  the  former  consists  mainly  of  cellulose,  a  substance 
closely  allied  to  starch  and  containing  carbon,  hydrogen,  and 
oxygen  only,  the  latter  are  composed  in  great  part  of  the  three 
elements  just  named,  together  with  a  fourth,  nitrogen ;  the  chief 
proximate  principles  formed  from  these  being  identical,  or  nearly 
80,  with  albumen.  It  must  not  be  supposed,  however,  that  either 
of  these  typical  compounds  alone,  with  its  allies,  is  confined  to  one 
kingdom  of  nature.  Nitrogenous  compounds  are  freely  produced 
in  vegetable  structures,  although  they  form  a  very  much  smaller 
proportion  of  the  whole  organism  than  cellidose  or  starch.  And 
while  the  presence  of  the  latter  in  animals  is  much  more  rare  than 
is  that  of  the  former  in  vegetables,  there  are  many  animals  in 
which  traces  of  it  may  be  discovered,  and  some,  the  Ascidians,  in 
which  it  is  found  in  considerable  quantity, 

(3.)  Inherent  power  of  movement  is  a  quality  which  we  so 
commonly  consider  an  essential  indication  of  animal  natiu-e,  that 
it  is  difficult  at  first  to  conceive  it  existing  in  any  other.  The 
capability  of  simple  motion  is  now  known,  however,  to  exist  in  so 
many  vegetable  forms,  that  it  can  no  longer  be  held  as  an  essential 
distinction  between  them  and  animals,  and  ceases  to  be  a  mark  by 
which  the  one  can  be  distinguished  from  the  other.  Thus  the 
zoospores  of  many  of  the  Cryptogamia  exhibit  ciliary  or  amoeboid 
movements  (p.  30)  of  a  like  kind  to  those  seen  in  animalcules ; 
And  even  among  the  higher  orders  of  plants,  many,  e.g.,  Dioncea 
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Muciptila  (Vemis's  fly-trap),  and  Mimosa  Sermtiva  (Sensitive  plant), 
exhibit  sach  motion,  either  at  regular  times,  or  on  the  application 
of  external  irritation,  as  might  lead  one,  were  this  fact  taken  by 
itself  to  r^ard  them  as  sentient  beings.  Inherent  power  of 
moTement,  then,  although  especially  characteristic  of  animal 
uatnre,  is,  when  taken  by  itself,  no  proof  of  it 

(4.)  The  presence  of  a  digestive  canal  is  a  very  general  mark  by 
which  an  animal  can  be  distinguished  from  a  vegetable.  But  the 
lowest  animals  are  surroimded  by  material  that  they  can  take  as 
^lod,  as  a  plant  is  surroimded  by  an  atmosphere  that  it  can  use  in 
like  manner.  And  every  part  of  their  body  being  adapted  to 
absorb  and  digest,  they  have  no  need  of  a  special  receptacle  for 
nutrient  matter,  and  accordingly  have  no  digestive  canal.  This 
distinction  then  is  not  a  cardinal  one. 

It  would  be  tedious  as  well  as  unnecessary  to  enimierate  the 
chief  distinctions  between  the  more  highly  developed  animals  and 
vegetables.  They  are  sufficiently  apparent.  It  is  necessary  to 
i»mpare,  side  by  side,  the  lowest  members  of  the  two  kingdoms, 
in  order  to  understand  rightly  how  faint  are  the  boundaries 
between  them. 


CHAFTER    IL* 

ON    THE    RELATION    OP   LIFE   TO    OTHER   FORCES. 

An  enumeration  of  theories  concerning  the  nature  of  life  would 
\k  beside  the  purpose  of  the  present  chapter.  They  are  interest- 
ing as  marks  of  the  way  in  which  various  minds  have  been 
nftoenced  by  the  mystery  which  has  always  hung  about  vitality  ; 
their  destruction  is  but  another  warning  that  any  theory  we  can 
frame  must  be  considered  only  a  tie  for  connecting  present  facts, 
iad  (me  that  must  yield  or  break  on  any  addition  to  the  number 
which  it  is  to  bind  together. 

Before  attention  had  been  drawn  to  the  mutual  convertibility 

*i  the  various  so-called  physical  forces — heat,  light,  electricity, 

• 

*  This  dupter  is  a  reprint,  with  acme  verbal  alterations,  of  an  essay  con* 
tnlnud  bj  the  Editor  to  81.  BarthoUmeufs  BospUaZ  Heparts^  1867. 
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and  others — and  until  it  had  been  shown  that  these,  like  the 
matter  through  which  they  act,  are  limited  in  amount,  and 
strictly  measurable;  that  a  given  quantity  of  one  force  can 
produce  a  certain  quantity  of  another  and  no  more;  that  a 
given  quantity  of  combustible  material  can  produce  only  a  given 
quantity  of  steam,  and  this  again  only  so  much  motive  power ; 
it  was  natural  that  men's  minds  should  be  satisfied  with  the 
thought  that  vital  force  was  some  pecidiar  innate  power,  un- 
limited by  matter,  and  altogether  independent  of  structure  and 
organisation.  The  comparison  of  life  to  a  flame  is  probably  as 
early  as  any  thought  about  life  at  all.  And  so  long  as  light  and 
heat  were  thought  to  be  inherent  qualities  of  certain  material 
which  perished  utterly  in  their  production,  it  is  not  strange  that 
life  also  should  have  been  reckoned  some  strange  spirit,  pent  up 
in  the  germ,  expending  itself  in  growth  and  development,  and 
finally  declining  and  perishing  with  the  body  which  it  had  in- 
habited. 

With  the  recognition,  however,  of  a  distinct  correlation  between 
the  physical  forces,  came  as  a  natural  consequence  a  revolution  of 
the  commonly  accepted  theories  concerning  life  also.  The  dictum, 
80  long  accepted,  that  life  was  essentially  independent  of  physical 
force  began  to  be  questioned. 

As  it  is  well-nigh  impossible  to  give  a  definition  of  life  that 
shall  be  short,  comprehensive,  and  intelligible,  it  will  be  best, 
perhaps,  to  take  its  chief  manifestations,  and  see  how  far  these 
seem  to  be  dependent  on  other  forces  in  nature,  and  how  con- 
nected with  theuL 

Life  manifests  itself  by  birth,  growth,  development,  decline  and 
death;  and  an  idea  of  life  will  most  naturally  arise  by  taking 
these  events  in  succession,  and  studying  them  individually,  and  in 
relation  to  each  other. 

When  the  embryo  in  a  seed  awakes  from  that  state,  neither 
life  nor  death,  which  is  called  dormant  vitality,  and,  bursting  its 
envelopes,  begins  to  grow  up  and  dovelope,  it  may  be  said  that 
there  is  a  birth.  And  so,  wh%u  the  chick  escapes  from  the  egg, 
and  when  any  living  form  is,  oa  the  phrase  goes,  brought  into  the 
world.  In  each  case,  however,  birth  is  not  the  beginning  of  life, 
but  only  the  continuation  of  it  under  difierent  conditions.  To 
understand  the  beginning  of  life  in  any  individual,  whether  plant 
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or  animal,  existence  must  be  traced  somewhat  further  back,  and 
in  this  iraj  an  idea  gained  concerning  the  natui'e  of  the  germ,  the 
derelopment  of  which  is  to  issue  in  birth. 

The  germ  may  bo  defined  as  that  portion  of  the  parent  which 
is  set  apart  with  power  to  grow  up  into  the  likeness  of  the  being 
from  which  it  has  been  derived. 

The  manner  in  which  the  germ  is  separated  from  the  parent 
does  not  here  concern  us.  It  belongs  to  the  special  subject  of 
generation.  Neither  need  wc  consider  apart  from  others  those 
modes  of  propagation,  as  fission  and  gemmation,  which  differ 
more  apparently  than  really  from  the  ordinary  process  typified  in 
the  formation  of  the  seed  or  o^'iun.  In  every  case  alike,  a  new 
individual  plant  or  animal  is  a  portion  of  its  parent ;  it  may  be 
a  mere  outgrowth  or  bud,  which,  if  separated,  can  maintain  an 
independent  existence ;  it  may  be  not  an  outgrowth  but  simply 
a  portion  of  the  parent's  structure,  which  has  been  naturally  or 
artificially  cut  ofi;  as  in  the  spontaneous  or  artificial  cleaving  of 
a  polype ;  it  may  be  the  embryo  of  a  seed  or  ovum,  as  in  those 
cases  in  which  the  process  of  multiplication  of  different  organs 
has  reached  the  point  of  separation  of  the  individual  more  or  less 
completely  into  two  sexes,  the  mutual  conjugation  of  a  portion 
of  each  of  which,  the  sperm-cell  and  the  germ-cell,  is  necessary 
for  the  production  of  a  new  being.  We  are  so  accustomed  to 
regard  the  conjiigation  of  the  two  sexes  as  necessary  for  what 
is  called  generation,  that  we  are  apt  to  forget  that  it  is  only 
gradually  in  the  upward  progress  of  development  of  the  vege- 
table and  animal  kingdoms,  that  those  portions  of  organised 
matter  which  are  to  produce  new  beings  are  allotted  to  two 
separate  individuals.  In  the  least  developed  forms  of  life,  almost 
any  part  of  the  body  is  capable  of  assuming  the  characters  of  a 
separate  individual ;  and  propagation,  therefoi*e,  occurs  by  fission 
or  gemmation  in  some  form  or  other.  Then,  in  beings  a  little 
higher  in  rank,  only  a  special  part  of  the  body  can  become  a 
separate  being,  and  only  by  conjugation  with  another  special  part 
Still,  there  is  but  one  parent ;  and  this  hermaphrodite-form  of 
generation  is  the  rule  in  the  vegetable  and  least  developed  portion 
of  the  animal  kingdom.  At  last,  in  all  animals  but  the  lowest, 
and  in  some  plants,  the  portions  of  organised  structure  specialised 
for  development  after  their  mutual  union  into  a  nevvandividual^ 
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are  found  on  two  distinct  beings,  which  we  call  respectively  male 
and  female. 

The  old  idea  concerning  the  power  of  growth  resident  in  the 
germ  of  the  new  being,  thus  formed  in  various  ways,  was  ex- 
pressed by  saying  that  a  store  of  dormant  vitality  was  laid  up 
in  it,  and  that  so  long  as  no  decomposition  ensued,  this  was 
capable  of  manifesting  itself  and  becoming  active  imder  the 
influence  of  certain  external  conditions.  Thus,  the  dormant  force 
supposed  to  be  present  in  the  seed  or  the  egg  was  assumed  to  be 
the  primary  agent  in  effecting  development  and  growth,  and  to 
continue  in  action  during  the  whole  term  of  life  of  the  living 
l)eing,  animal  or  vegetable,  in  which  it  was  said  to  reside.  The 
influence  of  external  forces — heat,  light,  and  others — was  noticed 
and  appreciated ;  but  these  were  thought  to  have  no  other  connec- 
tion with  vital  force  than  that  in  some  way  or  other  they  called  it 
into  action,  and  that  to  some  extent  it  was  dependent  on  them 
for  its  continuance.  They  were  not  siipposed  to  be  correlated  with 
it  in  any  other  sense  than  this. 

Now,  however,  we  are  obliged  to  modify  considerably  our 
notions  and  with  them  our  terms  of  expression,  when  describing 
the  origin  and  birth  of  a  new  being. 

To  take,  as  before,  the  simplest  case — a  seed  or  egg.  We 
must  suppose  that  the  heat,  which  in  conjunction  with  moisture 
is  necessary  for  the  development  of  those  changes  which  issue 
in  the  growth  of  a  new  plant  or  animal,  is  not  simply  an  agent 
which  so  stimulates  the  dormant  vitality  in  the  seed  or  egg  as 
to  make  it  cause  growth,  but  it  is  a  force,  which  is  itself 
transformed  into  chemical  and  vital  power.  The  embryo  in 
the  seed  or  egg  is  a  part  which  can  transform  heat  into  vital 
force,  this  term  being  a  convenient  one  wherewith  to  express 
the  power  which  particular  structures  possess  of  growing, 
developing,  and  performing  other  actions  which  we  call  vital* 
Of  course  the  embryo  can  grow  only  by  taking  up  fresh  material 
and  incorporating  it  with  its  own  structiure,  and  therefore  it  is 
surrounded  in  the  seed  or  ovum  with  matter  sufficient  for  nutri* 

*  The  term  "  vital  force  **  is  here  employed  for  the  sake  of  brevity.  "Whether 
it  is  strictly  admissible  will  be  discussed  hereafter. 

The  general  term  force  is  used  as  synonymous  with  what  is  now  often 
termed  energy. 
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tion  until  it  can  obtain  fresh  supplies  from  without.  The 
absorption  of  this  nutrient  matter  involves  an  expenditure  of 
force  of  some  kind  or  other,  inasmuch  as  it  implies  the  raising 
of  simple  to  more  complicated  forms.  Hence  the  necessity  for 
heat  or  some  other  power  before  the  embryo  can  exhibit  any 
sign  of  life.  It  would  be  quite  as  impossible  for  the  germ  to 
begin  life  without  external  force  as  without  a  supply  of  nutrient 
matter.  Without  the  force  wherewith  to  take  it,  the  matter 
would  be  uselesa  The  heat,  therefore,  which  in  conjunction  with 
moisture  is  necessary  for  the  beginning  of  life,  is  partly  expended 
as  chemical  power,  which  causes  certain  modifications  in  tho 
nutrient  material  surrounding  the  embryo,  e.g.,  the  transforma- 
tion  of  starch  into  sugar  in  the  act  of  germination ;  partly,  it  is 
transformed  by  the  germ  itself  into  vital  force,  whereby  the 
germ  is  enabled  to  take  up  the  nutrient  material  presented  to  it, 
and  arrange  it  in  forms  characteristic  of  life.  Thus  the  force  is 
expended,  and  thus  life  begins — when  a  particle  of  organised 
matter,  which  has  itself  been  produced  by  the  agency  of  life, 
begins  to  transform  external  force  into  vital  force,  or  in  other 
words  into  a  power  by  which  it  is  enabled  to  grow  and  develope. 
This  is  the  true  beginning  of  life.  The  time  of  birth  is  but  a 
particular  period  in  the  process  of  development  at  which  the 
germ,  having  arrived  at  a  fit  state  for  a  more  independent 
existence,  steps  forth  into  the  outer  world. 

The  term  "  dormant  vitality,"  must  be  taken  to  mean  simply 
the  existence  of  organised  matter  with  the  capacity  of  transforming 
heat  or  other  force  into  vital  or  growing  power,  when  this  force 
\B  applied  to  it  under  proper  conditions. 

The  state  of  dormant  vitality  is  like  that  of  an  empty  voltaic 
battery,  or  a  steam-engine  in  which  the  fuel  is  not  yet  lighted. 
In  the  former  case  no  electric  current  passes,  because  no  chemical 
action  is  going  on.  There  is  no  transformation  into  electric  force, 
because  there  is  no  chemical  force  to  be  transformed.  Yet,  we  do 
not  say,  in  this  instance,  that  there  is  a  store  of  electricity  laid  up 
in  a  dormant  state  in  the  battery ;  neither  do  we  say  that  a  store 
of  motion  is  laid  up  in  the  steam-engine.  And  there  is  as  little 
reason  for  saying  there  is  a  store  of  vitality  in  a  dormant  seed  or 
ovum. 

Next  to  the  beginning  of  life,  we  have  to  consider  how  far  its 
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continuance  by  growth  and  development  is  dependent  on  external 
force  and  to  what  extent  correlated  with  it. 

Mere  growth  is  not  a  special  peculiarity  of  living  beings.  A 
ciystal,  if  placed  in  a  proper  solution,  will  increase  in  size  and 
preserve  its  own  characteristic  outline ;  and  even  if  it  be  injured, 
the  flaw  can  be  in  part  or  wholly  repaired.  The  manner  of  its 
growth,  however,  is  very  different  from  that  of  a  living  being, 
and  the  process  as  it  occurs  in  the  latter  will  be  made  more 
evident  by  a  comparison  of  the  two  cases.  The  increase  of  a 
orystal  takes  place  simply  by  the  laying  of  material  on  the  sur- 
fitoe  only,  and  is  unaccompanied  by  any  interstitial  change.  This 
is,  however,  but  an  accidental  difference.  A  much  greater  one  is 
to  be  found  in  the  fact  that  with  the  growth  of  a  ciystal  there  is 
no  decay  at  the  same  time,  and  proceeding  with  it  side  by  side. 
Since  there  is  no  life  there  is  no  need  of  death — the  one  being  a 
condition  consequent  on  the  other.  During  the  whole  life  of  a 
living  being,  on  the  other  hand,  there  is  xmceasing  change.  At 
di£ferent  periods  of  existence  the  relation  between  waste  and 
repair  is  of  course  different  In  early  life  the  addition  is  greater 
than  the  loss,  and  so  there  is  growth ;  the  reconstructed  part  is 
better  than  it  was  before,  and  so  there  is  development.  In  the 
decline  of  life,  on  the  contrary,  the  renewal  is  less  than  the 
destruction,  and  instead  of  development  there  is  degeneration. 
But  at  no  time  is  there  perfect  rest  or  stability. 

It  must  not  be  supposed,  therefore,  that  life  consists  in  the 
capability  of  resisting  decay.  Formerly,  when  but  little  or 
nothing  was  known  about  the  laws  which  regulate  the  existcnco 
of  living  beings,  it  was  reasonable  enough  to  entertain  such  au 
idea;  and,  indeed,  life  was  thought  to  be,  essentially,  a  myste- 
rious power  counteracting  that  tendency  to  decay  which  la  so 
evident  when  life  has  departed.  Now,  we  know  that  so  far  from 
life  preventing  decomposition,  it  is  absolutely  dependent  upon  it 
for  all  its  manifestations. 

The  reason  of  this  is  very  evident.  Apart  from  the  doctrine 
of  correlation  of  force,  it  is  of  course  plain  that  tissues  which  do 
work  must  sooner  or  later  wear  out  if  not  constantly  supplied 
with  nourishment ;  and  the  need  of  a  continual  supply  of  food,  on 
the  one  hand,  and,  on  the  other,  the  constant  excretion  of  matter 
which,  having  evidently  discharged  what  was  required  of  it,  was 
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fit  only  to  be  cast  out,  taught  this  fact  very  plamly.  But  although, 
to  a  certain  extent,  the  dependence  of  vital  power  on  supplies  of 
matter  from  without  was  recognised  and  appreciated,  the  true 
relation  between  the  demand  and  supply  was  not  xmtil  recently 
thoroughly  grasped.  The  doctrine  of  the  correlation  of  vital 
with  other  forces  was  not  understood. 

To  make  this  more  plain,  it  will  be  well  to  take  an  instance 
of  transformation  of  force  more  commonly  known  and  appre- 
ciated. In  the  steam-engine  a  certain  amoimt  of  force  is 
exhibited  as  motion,  and  the  immediate  agent  in  the  production 
of  this  is  steam,  which  again  is  the  result  of  a  certain  expendi- 
ture of  heat.  Thus,  heat  is  in  this  instance  said  to  be  trans- 
formed into  motion,  or,  in  other  language,  one — ^molecular — 
mode  of  motion,  heat,  is  made  to  express  itself  by  another — 
mechanical — mode,  ordinary  movement.  But  the  heat  which 
produced  the  vapour  is  itself  the  product  of  the  combustion  of 
fuel,  or,  in  other  words,  it  is  the  correlated  expression  of  another 
force— chemical,  namely,  that  aflSinity  of  carbon  and  hydrogen 
for  oxygen  which  is  satisfied  in  the  act  of  combustion.  Again, 
the  production  of  light  and  heat  by  the  burning  of  coal  and  wood 
is  only  the  giving  out  again  of  that  heat  and  light  of  the  sun 
which  were  used  in  their  production.  For,  as  it  need  scarcely 
be  said,  it  is  only  by  means  of  these  solar  forces  that  the  leaves 
of  plants  can  decompose  carbonic  acid,  ifec,  and  thereby  provide 
material  for  the  construction  of  woody  tissue.  Thus,  coal  and 
wood  being  products  of  the  expenditure  of  force,  must  be  taken 
to  represent  a  certain  amount  of  jwwer;  and,  according  to  the 
law  of  the  correlation  of  forces,  must  be  capable  of  yielding,  in 
some  shape  or  other,  just  so  much  as  was  exercised  in  their  for- 
mation. The  amount  of  force  requisite  for  rending  asimder  the 
elements  of  carbonic  acid  is  exactly  that  amount  which  Avill  again 
be  manifested  when  they  clash  together  again. 

The  sun,  then,  really,  is  the  prime  agent  in  the  movement  of 
the  steam-engine,  as  it  is  indeed  in  the  production  of  nearly  all 
the  power  manifested  on  this  globe.  In  this  particular  instance, 
speaking  roughly,  its  light  and  heat  are  manifested  successively 
as  vital  and  chemical  force  in  the  growth  of  plants,  as  heat  and 
light  again  in  the  burning  fuel,  and  lastly  by  the  piston  and 
wheels  of  the  engine  as  motive  power.     We  may  use  the  tcira 
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tnuisfomiatiou  of  force  if  wc  >vill,  or  say  that  throughout  the 
cycle  of  changes  there  is  but  once  force  variously  manifesting 
itself.  It  matters  not,  so  that  we  keep  clearly  in  view  the  notion 
that  all  force,  so  far  at  least  as  our  present  knowledge  extends, 
is  but  a  representative,  it  may  be  in  the  same  form  or  another, 
of  some  previous  force,  and  incapable  like  matter  of  being 
created  afresh,  except  by  the  Creator.  Much  of  our  knowledge 
on  this  subject  is  of  course  confined  to  ideas  and  governed  by 
the  words  with  which  we  are  compelled  to  express  them,  rather 
than  to  actual  things  or  facts ;  and  probably  the  term  force  will 
soon  lose  the  signification  which  we  now  attach  to  it.  What  is 
now  known,  however,  about  the  relation  of  one  force  to  another, 
is  not  sufficient  for  the  complete  destruction  of  old  ideas ;  and, 
therefore,  in  applying  the  examples  of  transformation  of  physical 
force  to  the  explanation  of  vital  phenomena,  we  are  compelled 
etill  to  use  a  vocabulary  which  was  framed  for  expressing  many 
notions  now  obsolete. 

The  dependence  of  the  lowest  kind  of  vital  existence  on  external 
force,  and  the  manner  in  which  this  is  used  as  a  means  whereby 
life  is  manifested,  have  been  incidentally  referred  to  more  than, 
once  when  describing  the  origin  of  vegetable  tissues.  The  main 
functions  of  the  vegetable  kingdom  are  construction,  and  the 
perpetuation  of  the  race ;  and  the  use  which  is  made  of  external 
physical  force  is  more  simple  than  in  animals.  The  transformation 
indeed  which  is  effected,  while  much  less  mysterious  than  in  the 
latter  instance,  forms  an  interesting  link  between  animal  and 
<iiystalline  growth. 

The  decomposition  of  carbonic  acid  or  ammonia  by  the  leaves 
of  plants  may  be  compared  to  that  of  water  by  a  galvanic  current. 
In  both  cases  a  foi*ce  is  applied  through  a  special  material  medium, 
and  the  result  is  a  separation  of  the  elements  of  which  each 
compound  is  formed.  On  the  return  of  the  elements  to  their 
original  state  of  union,  there  will  be  the  return  also  in  some  form 
or  other  of  the  force  which  was  used  to  separate  them.  Vegetable 
growth,  moreover,  with  which  we  are  now  specially  concerned, 
resembles  somewhat  the  increase  of  unorganised  matter.  The 
accidental  difference  of  its  being  in  one  case  superficial,  and  in  the 
other  interstitial,  is  but  little  marked  in  the  process  as  it  occurs 
in  the  more  permanent  parts  of  vegetable  tissue&     The  layers  of 
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lignine  are  in  their  arrangement  nearly  as  simple  as  those  of  a 
crystaly  and  almost  or  quite  as  lifeless.  After  their  deposition, 
moreovery  they  undergo  no  further  change  than  that  caused  by  the 
addition  of  fresh  matter,  and  hence  they  are  not  instances  of  that 
ceaseless  waste  and  repair  which  have  been  referred  to  as  so 
characteristic  of  the  higher  forms  of  living  tissue.  There  is,  how- 
ever, no  contradiction  here  of  the  axiom,  that  where  there  is  life 
there  is  constant  changa  Those  parts  of  a  vegetable  organism  in 
which  active  life  is  going  on  are  subject,  like  the  tissues  of  animals, 
to  constant  destruction  and  renewal.  But,  in  the  more  permanent 
parts,  life  ceases  with  deposition  and  construction.  Addition  of 
fresh  matter  may  occur,  and  so  may  decay  also  of  that  which  is 
already  laid  down,  but  the  two  processes  are  not  related  to  each 
other,  and  not,  as  in  living  parts,  inter-dependent.  Hence  the 
change  is  not  a  vital  one. 

The  acquirement  in  growth,  moreover,  of  a  definite  shape  in  the 
case  of  a  tree,  is  no  more  admirable  or  mysterious  than  the  pro- 
duction of  a  crystal  That  chloride  of  sodium  should  natiuully 
assume  the  form  of  a  cube  is  as  inexplicable  as  that  an  acorn 
should  grow  into  an  oak,  or  an  ovum  into  a  man.  When  we  learu 
the  cause  in  the  one  case,  we  shall  probably  in  the  other  also. 

There  is  nothing,  therefore,  in  the  products  of  life's  more 
simple  forms  that  need  make  us  start  at  the  notion  of  their 
being  the  products  of  only  a  special  transformation  of  ordinary 
physical  force.  And  we  cannot  doubt  that  the  growth  and  de- 
velopment  of  animals  obey  the  same  general  laws  that  govern  the 
formation  of  plants.  The  connecting  links  between  them  are  too 
numerous  for  the  acceptance  of  any  other  supposition.  Both 
kingdoms  alike  are  expressions  of  vital  force,  which  is  itself  but  a 
term  for  a  special  transformation  of  ordinary  physical  force.  The 
mode  of  the  transformation  is,  indeed,  mysterious,  but  so  is  that 
of  beat  into  light,  or  of  either  into  mechanical  motion  or  chemical 
affinity.  All  forms  of  life  are  as  absolutely  dependent  on  external 
physical  force  as  a  fire  is  dependent  for  its  continuance  on  a  supply 
of  fuel ;  and  there  is  as  much  reason  to  be  certain  that  vital  force 
is  an  expression  or  representation  of  the  physical  forces,  especially 
heat  and  light,  as  that  these  are  the  correlates  of  some  force  or 
other  which  has  acted  or  is  acting  on  the  substances  which,  as  we 
BKjf  produce  them. 
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In  the  tissues  of  plants,  as  just  said,  there  is  but  little  change, 
except  such  as  is  produced  by  additions  of  fresh  matter.  That 
which  is  once  deposited  alters  but  little  ;  or,  if  the  part  be  tran- 
sient and  easily  perishable,  the  alteration  is  only  or  chiefly  one 
produced  by  the  ordinary  process  of  decay.  Little  or  no  force  is 
manifested ;  or,  if  it  be,  it  is  only  the  heat  of  the  slow  oxidation 
whereby  the  structure  again  returns  to  inorganic  shape.  There  is 
no  special  transformation  of  force  to  which  the  term  vital  can  be 
applied.  With  construction  the  chief  end  of  vegetable  existence 
has  been  attained,  and  the  tissue  formed  represents  a  store  of 
force  to  be  used,  but  not  by  the  being  which  laid  it  up.  The 
laboiurs  of  the  vegetable  world  are  not  for  itself  but  for  animals. 
The  power  laid  up  by  the  one  is  spent  by  the  other.  Hence  the 
reason  that  the  constant  change,  which  is  so  great  a  character  of 
life,  is  comparatively  but  little  marked  in  plants.  It  is  present, 
but  only  in  living  portions  of  the  organism,  and  in  these  it  is  but 
limited.  In  a  tree  the  greater  part  of  the  tissues  may  be  con- 
sidered dead  ;  the  only  change  they  suffer  is  that  fresh  matter  is 
piled  on  to  them.  They  are  not  the  seat  of  any  transformation 
of  force,  and  therefore,  although  their  existence  is  the  result  of 
living  action,  they  do  not  themselves  live.  Force  is,  so  to  speak, 
laid  up  in  them,  but  they  do  not  themselves  spend  it.  Those 
portions  of  a  vegetable  organism  which  are  doing  active  vital 
work — which  are  using  the  sun's  light  and  heat,  as  a  means 
whereby  to  prepare  building  material,  are,  however,  the  seat  of 
unceasing  change.  Their  existence  as  living  tissue  depends  upon 
this  fact — upon  their  capability  of  perishing  and  being  renewed. 

And  this  leads  to  the  answer  to  the  question.  What  is  the 
cause  of  the  constant  change  which  occurs  in  the  living  parts 
of  animals  and  vegetables,  which  is  so  invariable  an  accompani- 
ment of  life,  that  we  refuse  the  title  of  "  living  "  to  parts  not 
attended  by  it  1  It  is  because  all  manifestations  of  life  are  exhibi- 
tions of  power,  and  as  no  power  can  be  originated  by  us;  as, 
according  to  the  doctrine  of  correlation  of  force,  all  power  is  but 
the  representative  of  some  previous  force  in  the  same  or  another 
form,  so,  for  its  production,  there  must  be  expenditure  and  change 
somewhere  or  other.  For  the  vital  actions  of  plants  the  light  and 
heat  of  the  sun  are  nearly  or  quite  sufficient,  and  there  is  no  need 
of  expenditure  of  that  store  of  force  which  is  laid  up  in  them- 
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selres;  but  with  animals  the  case  is  different.  They  cannot 
directly  transform  the  solar  forces  into  vital  power,  they  must 
seek  it  elsewhere.  The  great  use  of  the  vegetable  kingdom  is 
therefore  to  store  up  power  in  such  a  form  that  it  can  be  used  by 
animals;  that  so,  when  in  the  bodies  of  the  latter,  vegetable 
organised  material  returns  to  an  inorganic  condition,  it  may  givo 
out  force  in  such  a  manner  that  it  can  be  transformed  by  animal 
tissues,  and  manifested  variously  by  them  as  vital  power. 

Hence,  then,  we  must  consider  the  waste  and  repair  attendant 

on  living  growth  and  development  as  something  more  than  these 

words,  taken  by  themselves,  imply.     The  waste  is  the  return  to  a 

lower  from  a  higher  form  of  matter;  and,  in  the  fall,  force  is 

manifested.     This  force,  when  specially  transformed  by  organised 

tissues,  we  call  vitaL    In  the  repair,  force  is  laid  up.    The  analogy 

with  ordinary  transmutations  of  physical  force  is  perfect.     By  the 

expenditure  of  heat  in  a  particular  manner  a  weight  can  be  raised. 

By  its  fall  heat  is  returned.     The  molecular  motion  is  but  the 

expression  in  another  form  of  the  mechanical   So  with  life.   There 

is  constant  renewal  and  decay,  because  it  is  only  so  that  vital 

activity  can  take  place.     The  renewal  must  be  something  more 

than  replacement,  however,  as  the  decay  must  be  more  than 

simple  mechanical  loss.      The  idea  of  life  must  include  both 

storing  up  of  force,  and  its  transformation  in  the  expenditure. 

Hence  we  must  be  careful  not  to  confound  the  mere  preservation 
of  individual  form  under  the  circumstances  of  concurrent  waste 
ttd  repair,  with  the  essential  nature  of  vitality. 

life,  in  its  simplest  form,  has  been  happily  expressed  by  Mr. 
S&vory  as  a  state  of  dynamical  equilibrium,  since  one  of  its  most 
cbancteristic  features  is  continual  decay,  jet  with  maintenance  of 
^^  individual  by  equally  constant  repair.  Since,  then,  in  the 
pf^rvation  of  the  equilibrium  there  is  ceaseless  change,  it  is  not 
static  equilibrium  but  dynamical. 

Care  must  be  taken,  however,  not  to  accept  the  term  in  too 
strict  a  sense,  and  not  to  confound  that  which  is  but  a  necessary 
attendant  on  life  with  life  itself.  For,  indeed,  strictly,  there  is  no 
F'^serTation  of  equilibrium  during  life.  Each  vital  act  is  an 
advance  towards  death.  We  are  accustomed  to  make  use  of  the 
^cnns  growth  and  development  in  the  sense  of  progress  in  one 
direction,  and  the  words  decline  and  decay  with  an  opposite 
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gigiiiBcation,  as  if,  like  the  ebb  of  the  tide,  there  were  after 
maturity  a  reversal  of  life's  current.  But,  to  use  an  equally  old 
comparison,  life  is  really  a  journey  always  in  one  direction.  It  is 
nu  ascent,  more  and  more  gradual  as  the  smnmit  is  approached, 
80  gradual  that  it  is  impossible  to  say  when  development  ends  and 
decline  begins.  But  the  descent  is  on  the  other  side.  There  is 
no  perfect  equilibrium,  no  halting,  no  turning  back. 

The  term,  therefore,  must  be  used  with  only  a  limited  signi* 
fication.  There  is  preservation  of  the  individual,  yet,  although 
it  may  seem  a  paradox,  not  of  the  same  individual  A  man  at  one 
period  of  his  life  may  retain  not  a  particle  of  the  matter  of  which 
formerly  ho  was  composed  The  preservation  of  a  living  being 
during  growth  and  development  is  more  comparable,  indeed,  to 
that  of  a  nation,  than  of  an  individual  as  the  term  is  popularly 
understood.  The  elements  of  which  it  is  made  up  fulfil  a  certain 
work  the  traditions  of  which  were  handed  down  fix)m  their  pre- 
decessors, and  then  pass  away,  leaving  the  same  legacy  to  those 
that  follow  them.  The  individuality  is  preserved,  but,  like  all 
things  handed  down  by  tradition,  its  fashion  changes,  until  at  last,, 
perhaps,  scarce  any  likeness  to  the  original  can  be  discovered  Or, 
as  it  sometimes  happens,  the  alterations  by  time  are  so  small  that 
we  wonder,  not  at  the  change,  but  the  want  of  it  Yet,  in  both 
cases  alike,  the  individuality  is  preserved,  not  by  the  same 
individual  elements  throughout,  but  by  a  succession  of  theuL 

Again,  concurrent  waste  and  repair  do  not  imply  of  necessity 
the  existence  of  life.  It  is  true  that  living  beings  are  the  chief 
instances  of  the  simultaneous  occurrence  of  these  things.  But 
this  happens  only  because  the  conditions  under  which  the  functions 
of  life  are  dischai^ed  are  the  principal  examples  of  the  necessity 
for  this  unceasing  and  mingled  destruction  and  renewal  They 
are  the  chief,  but  not  the  only  instances  of  this  curious  con- 
junction. 

The  theoretical  case  will  make  this  plain.  Suppose  an  instance 
of  some  permanent  structure,  say  a  marble  stAtue.  If  we  imagine 
it  to  be  placed  under  some  external  conditions  by  which  each 
particle  of  its  substance  should  waste  and  be  replaced,  yet  with 
maintenance  of  its  original  size  and  shape,  we  obtain  no  idea  of 
life.  There  is  waste  and  renewal,  with  preservation  of  the  indi- 
vidual form,  but  no  vitality.    And   the  reason  is  plaia     With 
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the  waste  of  a  subfitanoe  like  carbouate  of  calcium  wboee  attrac- 
tioDB  are  satisfied,  there  would  be  no  eyolution  of  force ;  and  even 
if  there  were,  no  structure  is  present  with  the  power  to  transform 
or  manifest  anew  any  power  which  might  be  evolved.  With  the 
repair,  likewise,  there  would  be  no  storing  of  force.  The  part  used 
to  make  good  the  loss  is  not  different  from  that  which  disappeared. 
There  is  therefore  neither  storing  of  force,  nor  its  transformation, 
nor  its  expenditure ;  and  therefore  there  is  no  life. 

But  real  examples  of  the  preservation  of  an  individual  substance, 
under  the  circumstances  of  constant  loss  and  renewal,  may  be 
found,  yet  without  any  semblance  in  them  of  life. 

Chemistry,  perhaps,  affords  some  of  the  neatest  and  best 
examples  of  this.  One,  suggested  by  Mr.  Shepard,  seems  par- 
ticularly apposite.  It  is  the  case  of  trioxide  of  nitrogen  (N^Oj)  in 
the  preparation  of  sulphuric  acid.  The  gas  from  which  this  acid  is 
obtained  is  sulphur  dioxide,  and  the  addition  of  an  equivalent  of 
oxygen  and  the  combination  of  the  resulting  sulphur  trioxide 
(SO3)  with  water  (HaO)  is  all  that  is  required.    Thus  : 

SO,         +      o      +  H,0  =       H,SO^ 
Sulph.  dioxide  :  Oxygen  :  Water = Sulphuric  acid. 

Sulphur  dioxide,  however,  cannot  take  the  necessary  oxygen 
directly  from  the  atmosphere,  but  it  can  abstract  it  from  trioxide 
of  nitrogen  (N^Oj)  when  the  two  gases  are  mingled.  The  trioxide, 
accordingly,  by  continually  giving  up  an  equivalent  of  oxygen  to 
an  equivalent  of  sulphur  dioxide,  causes  the  formation  of  sulphuric 
acid,  at  the  same  time  that  it  retains  its  composition  by  continually 
aleorbing  a  fresh  quantity  of  oxygen  from  the  atmosphere. 

In  this  instance,  then,  there  is  constant  waste  and  repair,  yet 

without  life.     And  here  an  objection  cannot  be  raised,  as  it  might 

be  to  the  preceding  example,  that  both  the  destruction  and  repair 

come  from  without,  and  are  not  dependent  on  any  inherent  quali- 

ties  of  the  substance  with  which  they  have  to  do.     The  waste  and 

renewal  in  the  last-named  example  are  strictly  dependent  on  the 

qualities  of  the  chemical  compound  which  is  subject  to  them.     It 

has  but  to  be  placed  in  appropriate  conditions,  and  destruction 

and  repair  will  continue  indefinitely.    Force,  too,  is  manifested, 

but  there  is  nothing  present  which  can  transform  it  into  vital 

shape,  and  so  there  is  no  life. 
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Hence,  our  notion  of  the  constant  decay  which,  together  with 
repair,  takes  place  throughout  life,  miist  not  he  confined  to  any 
simply  mechanical  act.  It  must  include  the  idea,  as  before  said, 
of  laying  up  of  force,  and  its  expenditm-e — its  transformation  too, 
in  the  act  of  being  expended. 

The  growth,  then,  of  an  animal  or  vegetable,  implies  the  ex- 
penditure of  physical  force  by  organized  tissue,  as  a  means 
whereby  fresh  matter  is  added  to  and  incorporated  with  that 
already  existing.  In  the  case  of  the  plant  the  force  used,  trans- 
formed, and  stored  up,  is  almost  entirely  derived  from  external 
sources ;  the  material  used  is  inorganic.  The  result  is  a  tissue 
which  is  not  intended  for  expenditure  by  the  individual  which 
has  accumulated  it.  The  force  expended  in  growth  by  animals, 
on  the  other  hand,  cannot  be  obtained  directly  from  without. 
For  them  a  supply  of  force  is  necessar}'  in  the  shape  of  food 
derived  directly  or  indirectly  from  the  vegetable  kingdom.  Part 
of  this  force-containing  food  is  expended  as  fuel  for  the  production 
of  power;  and  the  latter  is  used  as  a  means  wherewith  to 
elaborate  another  portion  of  the  food,  and  incorporate  it  as  animal 
structure.  Unlike  vegetable  structure,  however,  animal  tissues 
are  the  seat  of  constant  change,  because  their  object  is  not  the 
storing  up  of  power,  but  its  expenditure;  so  there  must  be 
constant  waste ;  and  if  this  happen,  then  for  the  continuance  of 
life  there  must  be  equally  constant  repair.  But,  as  before  said, 
in  early  life  the  repair  surpasses  the  loss,  and  so  there  is  growth. 
The  part  repaired  is  better  than  before  the  loss,  and  thus  there 
is  development. 

The  definite  limit  which  has  been  imposed  on  the  duration  of 
life  has  been  already  incidentally  referred  to.  Like  birth,  growth, 
and  development,  it  belongs  essentially  to  living  beings  only. 
Dead  structures  and  those  which  have  never  lived  are  subject  to 
change  and  destruction,  biit  decay  in  them  is  imcertain  in  its 
beginning  and  continuance.  It  depends  almost  entirely  on  external 
conditions,  and  differs  altogether  from  the  decline  of  life.  The 
decline  and  death  of  living  beings  are  as  definite  in  their  occur- 
rence as  growth  and  development  Like  these  they  may  be 
hastened  or  stayed,  especially  in  the  lower  forms  of  life,  by  various 
influences  from  without;  but  the  putting  off  of  decline  must 
be  the  putting  off  also  of  so  much  life ;  and,  apart  from  disease. 
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the  reyerse  is  tme  -also.     A  living  being  starts  on  its  career  with 
a  certain  amount  of  work  to  do— various  infinitely  in  different 
individuals,  but  for  each  well-defined.    In  the  lowest  members  of 
both  the  animal  and  vegetable  creation  the  progress  of  life  in  any 
given  time  seems  to  depend  almost  entirely  on  external  circum- 
stances ;  and  at  first  sight  it  seems  almost  as  if  these  lowly-formed 
organisms  were  but  the  sport  of  the  surrounding  elements.     But 
it  is  only  so  in  appearance,  not  in  reality.     Each  act  of  their  life 
is  so  much  expended  of  the  time  and  work  allotted  to  them ;  and 
ify  from  absence  of  those  surrounding  conditions  under  which 
alone  life  is  possible,  their  vitality  is  stayed  for  a  time,  it  again 
proceeds  on  the  renewal  of  the  necessary  conditions,  from  that 
point  which  it  had  already  attained.    The  amount  of  life  to  be 
manifested  by  any  given  individual  is  the  same,  whether  it  take 
a  day  or  a  year  for  its  expenditure.     Life  may  be  of  course  at  any 
moment  interrupted  altogether  by  disease  and  death.     But  sup- 
posing it,  in  any  individual  organism,  to  nm  its  natural  course, 
it  will  attain  but  the  same  goal,  whatever  be  its  rate  of  movement. 
Decline  and  death,  therefore,  are  but  the  natural  terminations  of 
life ;  they  form  part  of  the  conditions  on  which  vital  action  begins  ; 
they  are  the  end  towards  which  it  naturally  tends.     Death,  not 
by  disease  or  injury,  is  not  so  much  a  violent  interruption  of  the 
ooQise  of  life,  as  the  attainment  of  a  distant  object  which  was  in 
view  from  the  commencement. 

In  the  period  of  decline,  as  during  growth,  life  consists  in 
continued  manifestations  of  transformed  physical  force ;  and  there 
is  of  necessity  the  same  series  of  changes  by  which  the  individual, 
thongh  bit  by  bit  perishing,  yet  by  constant  renewal  retains  its 
^tity.  The  difference,  as  has  been  more  than  once  said,  is  in  the 
comparative  extent  of  the  loss  and  reproduction.  In  decline  there 
18  not  perfect  replacement  of  that  which  is  lost  Eepair  becomes 
lev  and  less  perfect  It  does  not  of  necessity  happen  that  there 
is  any  decrease  of  the  quantity  of  material  added  in  the  place  of 
tb&t  which  disappears.  But  although  the  quantity  may  not  be 
leaaened,  and  may  indeed  absolutely  increase,  it  is  not  perfect  as 
material  for  repair,  and  although  there  may  be  no  wasting,  there 
is  degeneration. 

No  definite  period  can  be  assigned  as  existing  between  the  end 
d  derelopment  and  the  beginning  of  decline,  and  chiefly  becauno 

c  2 


20       THE  EELATION  OF  LIFE  TO  OTHEE  FOECES.     [chap,  il 

the  two  processes  go  on  side  by  side  in  different  parts  of  the  same 
organism.  The  transition  as  a  whole  is  therefore  too  gradual  for 
appreciation.  But,  after  some  time,  all  parts  alike  share  in  the 
tendency  to  degeneration ;  xmtil  at  length,  being  no  longer  able  to 
subdue  external  force  to  vital  shape,  they  die ;  and  the  elements 
of  which  they  are  composed  simply  employ  what  remnant  of 
power,  in  the  shape  of  chemical  affinity,  is  still  left  in  them, 
as  a  means  whereby  they  may  go  bock  to  the  inorganic  world. 
Of  course  the  same  process  happens  constantly  during  life ;  but 
in  death  the  place  of  the  departing  elements  is  not  taken  by 
others. 

Here,  then,  a  sharp  boundary  line  is  drawn  where  one  kind 
of  action  stops  and  the  other  begins ;  where  physical  force  ceases 
to  be  manifested  except  as  physical  force,  and  where  no  further 
vital  transformation  takes  place,  or  can  in  the  body  ever  do  so. 
Por  the  notion  of  death  must  include  the  idea  of  impossibility  of 
revival,  as  a  distinction  from  that  state  of  what  is  called  "dormant 
vitality,**  in  which,  although  there  is  no  life,  there  is  capability  of 
living.  Hence  the  explanation  of  the  difference  between  the 
€ffect  of  appliance  of  external  force  in  the  two  casea  Take,  for 
examples,  the  fertile  but  not  yet  living  egg,  and  the  barren  or 
dead  ona  Every  application  of  force  to  the  one  must  excite 
movement  in  the  direction  of  development ;  the  force,  if  used  at 
all,  is  transformed  by  the  germ  into  vital  energy,  or  the  power  by 
which  it  can  gather  up  and  elaborate  the  materials  for  nutrition 
by  which  it  is  surrounded.  Hence  its  freedom  throughout  the 
brooding  time  from  putrefaction.  In  the  other  instance,  the  appli- 
ance of  force  excites  only  degeneration ;  if  transformed  at  all,  it 
is  only  into  chemical  force,  whereby  the  progress  of  destruction  is 
hastened ;  hence  it  soon  rots.  To  the  one,  heat  is  the  signal  for 
development,  to  the  other  for  decay.  By  one  it  is  taken  up  and 
manifested  anew,  and  in  a  higher  form ;  to  the  other  it  gives 
the  impetus  for  a  still  quicker  falL 

Life,  then,  does  not  stand  alona  It  is  but  a  special  manifesta- 
tion of  transformed  force,  "  But  if  this  be  so,"  it  may  be  said — 
''  if  the  resemblance  of  life  to  other  forces  be  great,  are  not  the 
differences  still  greater?" 

At  the  first  glance,  the  distinctions  between  living  organised 
tissue  and  inorganic  matter  seem  so  great  that  the  difficulty  is  in 
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finding  a  likeness.  And  there  is  no  doubt  that  these  wide  differ- 
ences in  both  outward  configuration  and  intimate  composition 
have  been  mainly  the  causes  of  the  delay  in  the  recognition  of  the 
claims  of  life  to  a  place  among  other  forces.  And  reasonably 
enough.  For  the  notion  that  a  plant  or  an  animal  can  have  any 
kind  of  relationship  in  the  dischaige  of  its  functions  to  a  galvanic 
battery  or  a  steam  engine  is  sufficiently  startling  to  the  most 
credulous.     But  so  it  has  been  proved  to  be. 

Among  the  distinctions  between  living  and  xmorganised  matter, 
that  which  includes  differences  in  structure  and  proximate  chemi- 
cal composition  has  been  always  reckoned  a  great  one.    The  very 
terms  organic  and  inorganic  were,  until  quite  recently,  almost 
synonymous  with  those  which  implied  the  influence  of  life  and 
the  want  of  it      The  science  of  chemistry,  however,  is  a  great 
leveller  of  artificial  distiDctions ;  and  many  complex  substances 
^hichy  it  was  supposed,  could  not  be  formed  without  the  agency  of 
life  can  be  now  made  directly  from  their  elements  or  from  very 
umple   combinations  of  these.     The  number  of  complex   sub- 
stances   so   formed   artificially    is   constantly   increasing;     and 
there  seems  to  be  no  reason  for  doubting  that  even  such  as 
albumin,  gelatin,  and  the  like,  will  be  ultimately  produced  without 
the  intermediation  of  living  structure. 

The  formation  of  the  latter,  such  an  organised  structure  for 
instance  as  a  cell  or  a  muscular  fibre,  is  a  different  thing  alto- 
gether.    There  is  at  present  no  reason  for  believing  that  such 
▼ill  ever  be  formed  by  artificial  means ;  and,  therefore,  among  the 
peculiarities  of  living  force-transforming  agents,  must  be  reckoned 
^  a  great  and  essential  one,  a  special  intimate  structure,  apart 
^m  mere  ultimate  or  proximate  chemical  composition,  to  which 
^ere  is  no  close  likeness  in  any  artificial  apparatus,  even  the 
^ost  complicated.     This  is  the  real  distinction,  as  regards  com- 
position, between  a  living  tissue   and   an   inorganic    machine ; 
Qamely,  the  difference  between  the   structural  arrangement  by 
which  force  is  transformed  and  manifested  anew.    The  fact  that 
one  agent  for  transforming  force  is  made  of  albumen  or  the  like, 
and  another  of  zinc   or  iron,  is  a  great  distinction,  but  not  so 
essential  or  fundamental  an  one  as  the  difference  in  mechanical 
ttracture  and  arrangement. 
In  proceeding  to  consider  the  difference  between  what  may  \)d 
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called  the  transformation-products  of  living  tissue,  and  of  an  arti- 
ficial machine,  it  will  be  well  to  take  one  of  the  simple  cases  first 
— the  production  of  mechanical  motion ;  and  especially  because  it 
is  80  common  in  both. 

In  one  we  can  trace  the  transformation.  We  know,  as  a  fact, 
that  heat  produces  expansion  (steam),  and  by  constructing  an 
apparatus  which  provides  for  the  application  of  the  expansive 
power  in  opposite  directions  alternately,  or  by  alternating  contrac- 
tion with  expansion,  we  are  able  to  produce  motion  so  as  to  sub- 
serve an  infinite  variety  of  purposes.  For  the  continuance  of  the 
motion  there  must  be  a  constant  supply  of  heat,  and  therefore  of 
fuel. 

In  the  production  of  mechanical  motion  by  the  alternate  con- 
tractions of  muscular  fibres  we  cannot  trace  the  transformation  of 
force  at  alL  AVe  know  that  the  constant  supply  of  force  is  as 
necessary  in  this  instance  as  in  the  other ;  and  that  the  food 
which  an  animal  absorbs  is  as  necessary  as  the  fuel  in  the  former 
case,  and  is  analogous  with  it  in  function.  In  what  exact  relar 
tion,  however,  the  latent  force  in  the  food  stands  to  the  movement 
in  the  fibre,  we  are  at  present  quite  ignorant.  That  in  some  way 
or  other,  however,  the  transformation  occurs,  we  may  feel  quite 
certain. 

There  is  another  distinction  between  the  two  exhibitions  of 
force  which  must  be  noticed.  It  has  been  universally  believed, 
almost  up  to  the  present  time,  that  in  the  production  of  living 
force  the  result  is  obtained  by  an  exactly  corresponding  waste 
of  the  tissue  which  produces  it ;  that,  for  instance,  the  power  of 
each  contraction  of  a  muscle  is  the  exact  equivalent  of  the  force 
produced  by  the  more  or  less  complete  descent  of  so  much  mus- 
cular substance  to  inorganic,  or  less  complex  organic  shape ;  in 
other  words, — that  the  immediate  fuel  which  an  animal  requires 
for  the  production  of  force  is  derived  from  its  own  substance ; 
and  that  the  food  taken  must  first  be  appropriated  by,  and  enter 
into  the  very  formation  of  living  tissue  before  its  latent  force  can 
be  transformed  and  manifested  as  vital  power.  And  here,  it  might 
be  said,  is  a  great  distinction  between  a  living  structure  and  a 
simply  mechanical  arrangement  such  as  that  which  has  been  used 
for  comparison ;  the  fuel  which  is  analogous  to  the  food  of  a  plant 
or  animal  does  not^  as  in  the  case  of  the  latter,  first  form  part  of 
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the  machine  which  transforms  its  latent  energy  into  another  variety 
of  power. 

We  are  not,  at  present,  in  a  position  to  deny  that  this  is  a 
real  and  great  distinction  between  the  two  cases;  but  modem 
investigations  in  more  than  one  direction  lead  to  the  belief  that 
we  must  hesitate  before  allowing  such  a  difference  to  be  an 
universal  or  essential  one.  The  experiments  referred  to  seem 
conclusive  in  regard  to  the  production  of  muscular  power  in 
greater  amount  than  can  be  accounted  for  by  the  products  of 
muscular  waste  excreted  *,  and  it  may  be  said  with  justice,  that 
there  is  no  intrinsic  improbability  in  the  supposed  occurrence  of 
transformation  of  force,  apart  from  equivalent  nutrition  and  sub- 
sequent destruction  of  the  transforming  agent.  Argument  from 
analogy,  indeed,  w^ould  be  in  favour  of  the  more  recent  theory  as 
the  likelier  of  the  two. 

Whatever  may  be  the  result  of  investigations  concerning  the 
relation  of  waste  of  living  tissue  to  the  production  of  power, 
there  can  be  no  doubt,  of  course,  that  the  chauges  in  any  part 
which  is  the  seat  of  vital  action  must  be  considerable,  not  only 
from  what  may  bo  called  '^  wear  and  tear,''  but,  also,  on  account 
of  the  great  instability  of  all  organised  structures.     Between 
6uch  waste  as  this,  however,  and  that  of  an  inorganic  machine 
there  is  only  the  difference  in  degree,  arising  necessarily  from 
diversity  of  structure,  of  elemental  arrangement,  and  so  forth. 
Bat  the  repair  in  the  two  cases  is  different.     The  capability  of 
reconstruction  in  a  living  body  is  an  inherent  quality  hke  that 
which  causes  growth  in  a  special  shape  or  to  a  certain  degree. 
At  present  we  know  nothing  really  of  its  nature,  and  we  are 
therefore  compelled  to  express  the  fact  of  its  existence  by  such 
terms  as  "  inherent  power,"  "  individual  endowment,"  and  the 
Uke,  and  wait  for  more  facts  which  may  ultimately  explain  it. 
This  special  quality  is  not  indeed  one  of  living  things  alone. 
The  repair  of  a  crystal  in  definite  shape  is  equally  an  "indi- 
vidual endowment,"  or  "  inherent  peculiarity,"  of  the  nature  of 
which  we  are   eqiudly  ignorant.     In  the   case,   however,  of  an 
inorganic  machine  there  is  nothing  of  the  sort,  not  even  as  in  a 
ciystaL     Faults  of  structure  must  be  repaired  by  some  means 
entirely  from  without      And  as  our  notion  of  a  living  being, 
say  a  horse,  would  be  entirely  altered  if  flaws  in  his  composition 
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were  repaired  by  external  means  only;  so,  in  like  manner, 
would  our  idea  of  the  nature  of  a  steam-engine  be  completely 
changed  had  it  the  power  of  absorbing  and  using  part  of  its 
fuel  as  matter  wherewith  to  repair  any  ordinary  injury  it  might 
sustain. 

It  is  this  ignorance  of  the  nature  of  such  an  act  as  reconstruc- 
tion which  causes  it  to  be  said,  with  apparent  reason,  that  so  long 
as  the  term  "  vital  force  "  is  used,  so  long  do  we  beg  the  question 
at  issue — ^What  is  the  natiu-e  of  life  1  A  little  consideration,  how- 
ever, will  show  that  the  justice  of  this  criticism  depends  on  the 
manner  in  which  the  word  "  vital "  is  used.  If  by  it  we  intend 
to  express  an  idea  of  something  which  arises  in  a  totally  different 
manner  from  other  forces — something  which,  we  know  not  how, 
depends  on  a  special  innate  quality  of  living  beings,  and  owns  no 
dependence  on  ordinary  physical  force,  but  is  simply  stimulated 
by  it,  and  has  no  correlation  with  it — then,  indeed,  it  would  be 
just  to  say  that  the  whole  matter  is  merely  shelved  if  we  retain 
the  term  "vital  force." 

But  if  a  distinct  correlation  be  recognised  between  ordinary 
physical  force  and  that  which  in  various  shapes  is  manifested  by 
living  beings  ;  if  it  be  granted  that  every  act — say,  for  example, 
of  a  brain  or  muscle — is  the  exactly  correlated  expression  of  a 
certain  quantity  of  force  latent  in  the  food  with  which  an  animal 
is  noiunshed ;  and  that  the  force  produced  cither  in  the  shape  of 
thought  or  movement  is  but  the  transformed  expression  of  external 
force,  and  can  no  more  originate  in  a  living  organ  without  sup- 
plies of  force  from  without,  than  can  that  organ  itself  be  formed 
or  nourished  without  supplies  of  matter ; — if  these  facts  be  recog- 
nised, then  the  term  used  in  speaking  of  the  powers  exercised  by 
a  living  being  is  not  of  very  much  consequence.  We  have  as 
much  right  to  use  the  term  "  vital "  as  the  words  galvanic  and 
chemicaL  All  alike  are  but  the  expressions  of  oiu*  ignorance 
concerning  the  nature  of  that  power  of  which  all  that  we  call 
"forces"  are  various  manifestations.  The  difference  is  in  the 
apparatus  by  which  the  force  is  transformed. 

It  is  with  this  meaning  that,  for  the  present,  the  term  "  vital 
force"  may  still  be  retained  when  we  wish  shortly  to  name  that 
combination  of  energies  which  we  call  life.  For,  exult  as  we  may 
at  the  discovery  of  the  transformation  of  physical  force  into  vital 
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action,  we  most  acknowledge  not  only  that,  with  the  exception  of 
aome  slight  details,  we  are  utterly  ignorant  of  the  process  by 
which  the  transformation  ia  effected ;  but,  as  well,  that  the  result 
is  in  many  ways  altogether  different  from  that  of  any  other  force 
with  which  we  are  acquainted. 

It  is  impossible  to  define  in  what  respects,  exactly,  vital  force 
-Offers  from  any  other.  For  while  some  of  its  manifestations  are 
^identical  with  ordinary  physical  force,  others  have  no  parallel 
^^hatsoever.  And  it  is  this  mixed  nature  which  has  hitherto 
^iiaffled  all  attempts  to  define  lifb,  and,  like  a  Will-o'-the-wisp,  has 
led  us  floundering  on  through  one  definition  after  another  only  to 
«8cape  our  grasp  and  show  our  impotence  to  seize  it. 

In  examining,  therefore,  the  distinctions  between  the  products 
cf  transformations  by  a  living  and  by  an  inorganic  machine,  we 
liave  first  to  recognise  the  fact,  that  while  in  some  cases  the  .dif- 
ference  is  so  faint  as  to  be  nearly  or  quite  imperceptible,  in  others 
there  seems  not  a  trace  of  resemblance  to  be  discovered. 

In  discussing  the  nature  of  life's  manifestations — birth,  growth, 
development,  and  decline — ^the  differences  which  exist  between 
them  and  other  processes  more  or  less  resembling  them,  but  not 
dependent  on  life,  have  been  already  briefly  considered  and  need 
not  be  here  repeated.  It  may  be  well,  however,  to  siun  up  very 
shortly  the  particulars  in  which  life  as  a  manifestation  of  force 
differs  from  all  others. 

The  mere  acquirement  of  a  certain  shape  by  growth  is  not  a 
peculiarity  of  life.  But  the  power  of  developing  into  so  composite 
a  mass  even  as  a  vegetable  cell  is  a  property  possessed  by  an 
organised  being  only.  In  the  increase  of  inorganic  matter  there 
is  no  development.  The  minutest  crystal  of  any  given  salt  has 
exactly  the  same  shape  and  intimate  structure  as  the  largest. 
With  the  growth  there  is  no  development.  There  is  increase  of 
size  with  retention  of  the  original  shape,  but  nothing  more.  And 
if  we  consider  the  matter  a  little  we  shall  see  a  reason  for  this. 
In  an  force-transformers,  whether  living  or  inorganic,  with  but 
few  exceptions — and  these  are,  probably,  apparent  only — some- 
thing more  is  required  than  homogeneity  of  structure.  There 
seems  to  be  a  need  for  some  mutual  dependence  of  one  part  on 
another,  some  distinction  of  qualities,  which  cannot  happen  when 
all  portions  are  exactly  alike.     And  here  lies  the  resemblance  be- 
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twecn  a  liviug  being  and  an  artificial  machine.  Both  are  derelop- 
mcnts,  and  depend  for  their  power  of  transforming  force  on  that 
mutual  relation  of  the  several  parts  of  their  structure  which  we 
call  oi^ganisation.  But  here,  also,  lies  a  great  difference.  The 
development  of  a  living  being  is  due  to  an  inherent  tendency  to 
assume  a  certain  form ;  about  which  tendency  we  know  absolutely 
nothing.  We  recognise  the  fact,  and  that  is  all.  The  develop- 
ment of  an  inorganic  machine — say  an  electrical  apparatus — is 
not  due  to  any  inherent  or  individual  property.  It  is  the  result 
of  a  power  entirely  from  without ;  and  we  know  exactly  how  to 
construct  it. 

Here,  then,  again,  we  recognise  the  compound  nature  of  a  living 
being.  In  structure  it  is  altogether  different  from  a  crystal — ^in 
inherent  capacity  of  growth  into  definite  shape  it  resemblcB  it 
Again,  in  the  fact  of  its  organisation  it  resembles  a  machine  made 
by  man:  in  capacity  of  growth  it  entirely  differs  from  it.  In 
regard,  therefore,  to  structure,  growth,  and  development,  it  has 
combined  in  itself  qualities  which  in  all  other  things  are  more  or 
less  completely  separated. 

That  modification  of  ordinary  growth  and  development  called 
generation,  which  consists  in  the  natural  production  and  separa- 
tion of  a  portion  of  organised  structure,  with  power  itself  to  trans- 
form force  so  as  therewith  to  build  up  an  organism  like  the  being 
from  which  it  was  thrown  off,  is  another  distinctive  peculiarity  of 
a  living  being.  We  know  of  nothing  like  it  in  the  inoiganic 
world.  And  the  distinction  is  the  greater  because  it  is  the  ful- 
filment of  a  purpose,  towards  which  life  is  evidently,  from  its 
very  beginning,  constantly  tending.  It  is  as  natural  a  destiny  to 
separate  parts  which  shall  form  independent  beings  as  it  is  to 
develop  a  limb.  Hence  it  is  another  instance  of  that  carrying 
out  of  certain  projects,  from  the  very  beginning  in  view,  which  is 
so  characteristic  of  things  living  and  of  no  other. 

It  is  especially  in  the  discharge  of  what  are  called  the  animal 
functions  that  we  see  vital  force  most  strangely  manifested.  It 
is  true  that  one  of  the  actions  included  in  this  term — ^namely, 
mechanical  movement — although  one  of  the  most  striking,  is  by 
no  means  a  distinctive  one.  For  it  must  be  remembered  that  one 
of  the  commonest  transformations  of  physical  force  with  which  we 
are  acquainted  is  that  of  heat  into  mechanical  motion,  and  that 
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this  may  be  effected  by  an  apparatus  having  itself  nothing  what- 
ever to  do  with  life.  The  peculiarity  of  the  manifestation  in  an 
animal  or  vegetable  is  that  of  the  organ  by  vdnck  it  is  effected, 
and  the  manner  in  which  the  transformation  takes  place,  not  in 
the  ultimate  result.  The  mere  fact  of  an  animal's  possessing 
capability  of  movement  is  not  more  wonderful  than  the  possession 
of  a  similar  property  by  a  steam  engine.  In  both  cases  alike, 
the  motion  is  the  correlative  expression  of  force  latent  in  the 
food  and  fuel  respectively;  but  in  one  case  wc  can  trace  the 
transformation  in  the  arrangement  of  parts,  in  the  other  we 
cannot. 

The  consideration  of  the  products  of  the  transformation  of  force 
effected  by  the  nervous  system  would  lead  far  beyond  the  limits 
of  the  present  chapter.  But  although  the  relation  of  mind  to 
matter  is  so  little  known  that  it  is  impossible  to  speak  with  any 
freedom  concerning  such  correlative  expressions  of  physical  force 
as  thought  and  other  nerve-products,  still  it  cannot  be  doubted 
that  they  are  as  much  the  results  of  transformation  of  force  as 
the  mechanical  motion  caused  by  the  contraction  of  a  muscle. 
But  here  the  mystery  reaches  its  climax.  We  neither  know  how 
the  change  is  effected,  nor  the  nature  of  the  product,  nor  its 
analogies  with  other  force&  It  is  therefore  better,  for  the  present, 
to  confess  our  ignorance,  than,  with  the  knowledge  which  we 
have  lately  gained,  to  build  up  rash  theories,  serving  only  to 
cause  that  confusion  which  is  worse  than  error. 

It  may  be  said,  with  perfect  justice,  that  even  if  the  foregoing 
conclusions  be  accepted,  namely,  that  all  manifestations  of  force 
by  living  beings  are  correlative  expressions  of  ordinary  physical 
force,  still  the  argument  is  based  on  the  assumption  of  the  exis* 
tence  of  the  apparatus  which  we  call  living  organised  matter,  with 
power  not  only  to  use  external  force  for  it^  own  use  in  growth, 
development,  and  other  vital  manifestations,  but  for  that  modifi- 
cation of  these  powers  which  consists  in  the  separation  of  a  part 
that  shall  grow  up  into  the  likeness  of  its  parent,  and  thus  con- 
tinue the  race.  We  are  therefore,  it  may  be  added,  as  far  as  ever 
from  any  explanation  of  the  origin  of  life.  This  is  of  course  quite 
true.  The  object  of  the  present  chapter,  however,  is  only  to  deal 
with  the  relations  of  life,  as  it  now  exists,  to  other  forces.  The 
manner  of  creation  of  the  various  kinds  of  organised  matter,  aad 
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the  source  of  those  qualities,  belonging  to  it,  which  fixnn  our  igno- 
rance we  call  inherent,  are  different  questions  altogether. 

To  say  that  of  necessity  the  power  to  form  living  organised 
matter  will  never  be  vouchsafed  to  us,  that  it  is  only  a  mere 
materialist  who  would  believe  in  such  a  possibility,  seems  almost  as 
absurd  as  the  statement  that  such  inquiries  lead  of  necessity  to 
the  denial  of  any  higher  power  than  that  which  in  various  forms 
is  manifested  as  "  force,"  on  this  small  portion  of  the  universe. 
It  is  almost  as  absurd,  but  not  quite.  For,  surely,  he  who 
recognises  the  doctrine  of  the  mutual  convertibility  of  all  forces, 
vital  and  physical,  who  believes  in  their  unity  and  imperishable- 
ness,  should  be  the  last  to  doubt  the  existence  of  an  all-powerful 
Being,  of  whose  will  they  are  but  the  various  correlative  expres- 
sions ;  from  whom  they  all  come  ;  to  whom  they  return. 


CHAPTER    III. 

STRUCTURAL    BASIS    OF    THE    HUIUN   BODY. 

By  dissection,  the  human  body  can  be  proved  to  consist  of 
various  dissimilar  parts,  bones,  muscles,  brain,  heart,  lungs,  in- 
testines, &c.,  while,  on  more  minute  examination,  these  are  found 
to  be  composed  of  various  tissues,  such  as  the  connective,  epithelial, 
nervous,  muscular,  and  the  like. 

Cells. — Embryology  teaches  us  that  all  this  complex  oi^anisa- 
tion  has  been  developed  from  a  microscopic  body  about  y|-^  in.  in 
diameter  (ovum),  which  consists  of  a  spherical  mass  of  jelly-like 
matter  enclosing  a  smaller  spherical  body  (germinal  vesicle). 
Further,  each  individual  tissue  can  be  shown  largely  to  consist 
of  bodies  essentially  similar  to  an  ovum,  though  often  differing 
from  it  very  widely  in  external  fonn.  They  are  termed  cells : 
and  it  must  be  at  once  evident  that  a  correct  knowledge  of  the 
nature  and  activities  of  the  cell  forms  the  very  foundation  of 
physiology. 

Cells  are,  in  fact,  physiological  no  less  than  histological  units. 
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The  prime  importance  of  the  cell  as  an  element  of  Btructure, 
YI8  first  established  by  the  researches  of  Schleiden,  and  his  con- 
donooa,  drawn  finom  the  study  of  vegetable  histology,  were  at  once 
eiteoded  by  Schwann  to  the  animal  kingdom.  The  earlier 
obserren  defined  a  cell  as  a  more  or  less  spherical  body 
limited  by  a  membrane,  and  containing  a  smaller  body  termed 
t  nudeMtt  which  in  its  turn  encloses  one  or  more  nucleoli. 
Sach  a  definition  applies  admirably  to  most  vegetable  cells,  but 
the  more  extended  investigation  of  animal  tissues  soon  showed 
that  in  many  cases  no  limiting  membrane  or  cell-wall  could  be 
demtmstrated. 

Its  presence  or  absence,  therefore,  was  now  regarded  as  quite 
t  teoondary  matter,  while  at  the  same  time  the  cell-substance 
came  gradually    to    be  recognised  as  of  primary  importance. 
\hnj  of  the  lower  forms  of  animal  life,  e.ff.y  the  Rhizopoda,  were 
foand  to  consist  almost  entirely  of  matter  very  similar  in  ap- 
pearance and  chemical  composition  to  the  cell-substance  of  higher 
forms:  and  this  from  its  chemical  resemblance  to  flesh  was  termed 
Saroode  by  Dujardin.     When  recognised  in  vegetable  cells  it  was 
called  Protoplasm  by  Mulder,  while  Remak  applied  the  same 
name  to  the  substance  of  animal  cells.     As  the  presimied  forma- 
tive matter  in  animal  tissues  it  was  termed  Blastema,  and  in 
the  belief  that,  wherever  found,  it  alone  of  all  substances  has 
to  do  with  generation  and  nutrition.  Dr.  Beale  has  named  it 
**  Germinal  matter "  or  Bioplasm.     Of  these  terms  the  one  most 
in  vogue  at  the  present  day  is  Protoplasm,  and  inasmuch  as  all 
life,  both  in  the  animal  and  vegetable  kingdoms,  is  associated 
with  protoplasm,  we  are  justified  in  describing  it  with  Huxley, 
as  the  "  physical  basis  of  life.'' 

A  cell  may  now  be  defined  as  a  nucleated  mass  of  protoplasm,* 
of  microeoopic  size,  which  possesses  sufficient  individuality  to  have 
a  life-history  of  its  own.  Each  cell  goes  through  the  same  cycle 
of  changes  as  the  whole  organism,  though  doubtless  in  a  much 
shorter  time.  B^inning  with  its  origin  from  some  pre-existing 
eell,  it  grows,  produces  other  cells  and  finally  dies.  It  is  true 
that  several  lower  forms  of  life  recently  described  by  Haeckel^ 
Hnxl^,  and  others,   consist'  of  non-nucleated  protoplasm,   but 

*  In  the  human  body  the  oelU  range  from  the  red  blood-cell  {^  in.)  to  the 
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the  above  definition  holds  good  for  all  the  higher  plants  and 
animals. 

Hence  a  summary  of  the  manifestations  of  cell-life  is  really  an 
account  of  the  vital  activities  of  protoplasm. 

Protoplasm. — CJiemical  characters. — Chemically,  protoplasm 
is  an  extremely  unstable  albuminoid  substance,  insoluble  in 
water,  but  becoming  gelatinous  by  imbibition ;  by  analysis  it 
cannot  be  distinguished  from  ordinary  albumen,  though  of  course 
its  power  of  growth,  development,  <S:c.,  constitutes  an  essential 
distinction. 

Physical  characters. — Physically,  protoplasm  is  viscid,  varying 
in  consistency  from  semi-fluid  to  strongly  coherent 

All  protoplasm,  like  albumen,  undergoes  heat  stiffening  or 
coagulation  at  about  130°  Fah.,  and  hence  no  organism  can  live 
when  its  own  temperature  is  raised  to  this  point,  though,  of 
course,  many  can  exist  for  a  time  in  an  atmosphere  much  hotter 
than  this,  since  they  possess  the  means  of  regulating  their  own 
temperature.  When  it  is  examined  under  the  microscope  two 
varieties  of  protoplasm  are  recognised — the  hyaline^  and  the 
grammar.  Both  are  alike  transparent,  but  the  former  is 
perfectly  homogeneous,  while  the  latter  (the  more  common 
variety)  contains  small  granules  or  molecules  of  various  sizes 
and  shapes. 

Physiological  characters. — These  may  be  conveniently  treated 
under  the  three  heads  of  motion,  nutrition,  and  reproduction. 

I.  Motion. — It  is  probable  that  the  protoplasm  of  all  ceUs  is 
capable  at  some  time  of  exhibiting  movement :  at  any  rate  this 
phenomenon,  which  not  long  ago  was  regarded  as  quite  a  curiosity, 
has  been  recently  obsencd  in  cells  of  many  different  kinds.  It 
may  be  readily  studied  in  the  Amoebae,  in  the  coloiu'less  blood- 
cells  of  all  vertebrata,  in  the  branched  cornea-cells  of  the  frog, 
in  the  hairs  of  the  stinging-nettle  and  Tradescantia,  and  the  cells 
of  Vallisneria  and  Chara. 

These  motions  may  be  divided  into  two  classes — Fluent  and 
Ciliary. 

Another  variety — the  molecular  or  Wbratory — ^has  also  been  classed  by 
Bome  observers  as  vital,  but  it  seems  exceedingly  probable  that  it  is  nothing 
more  than  the  well-known  "  Brownian "  molecular  movement,  a  purely 
mechanical  phenomenon  which  may  be  observed  in  any  minute  particles, 
e,g,i  of  gamboge,  suspended  in  a  fluid  of  suitable  density,  such  as  water. 


PEOTOPLASM. 


Fluent. — This  mOTement  of  protoplasm  is  rendered  perceptible 
(i)  by  the  motion  of  the  granules,  vhich  are  nearly  always  im- 
bedded in  it,  and  {a)  by  changes  in  the  outline  of  ita  mass. 

If  part  of  a  hair  of  Tradeacantia  (fig.  i )  be  viewed  under  a  high 
magnifying  power,  streams  of 

protoplasm  containing  crowds  Fig.  i.* 

of  gnuiules  hurrying  along, 
like  the  foot-passengers  in  a 
busy  street,  are  seen  flowing 
steadily  m  definite  directions, 
some  coursing  round  the  film 
vhich  lines  the  interior  of  the 
cell-wall,  and  others  flowing 
towards  or  away  from  the  ir- 
ngular  mass  in  the  centra 
of  the  cell-cavity.     Many  of 

Aese  streams  of  protoplasm  run  together  into  larger  ones,  and 
are  lost  in  the  central  mass,  and  thus  ceaseless  variations  of  form 
are  produced. 

In  the  Amceba,  a  minute  animal  consisting  of  a  shapeless  and 
■tmctoreleas  mass  of  sarcode,  an  irregular  mass  of  protoplasm  is 
gradually  thrust  out  from  the  main  body  and  retracted :  a  second 
mass  is  then  protruded  in  another  direction,  and  gradually  the 
whole  protoplasmio  substance  is,  as  it  were,  drawn  into  it     The 

Fig.  2.t 


Aaucba  thus  comos  to  occupy  a  new  position,  and  when  this 
i>  repeated  several  times  we  have  locomotion  in  a  definite  direction, 
together  with  a  continual  change  of  form.      These  movements. 


*  Fig.  I.  Cell  of  Tradeicantiit  draivn  at  miccaseive  iaterrals  of  two  minutes. 
He  ecU-contcnts  coiuiat  of  a  centml  masa  connected  by  many  irregular  pro- 
owes  to  a  peripbenl  film :  tbe  whole  forma  a  vacuolated  maas  of  protoplnam, 
wbich  ii  continually  changing  ita  shape  (SchoEeld). 

t  Pig-  '■  Human  colottrleu  blood -eorposcle,  ibowing  its  succeasire  changes 
of  outline  within  tea  minutea  when  kept  moi.it  on  a  warm  atSge  (ScholicU). 
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vheu  observed  in  other  cells,  such  as   the  colourless  blood-cor- 
puscles of  higher  animab  (fig.  2)  are  hence  termed  amoehauL 

Coloarless  blood-corpoflcles  were  first  observed  to  migrate,  ix.,  pass 
through  the  walls  of  the  bloodvessels  (p.  190),  by  Waller,  whose  obsenratioiis 
were  confirmed  and  extended  to  connective  tissue  corpuscles  bj  the  re- 
searches of  Recklinghausen,  Cohnheim,  and  others,  and  thus  the  phenomenon 
of  migration  has  been  proved  to  play  an  important  part  in  many  normal, 
and  pathological  processes,  especially  in  that  of  inflammation. 

This  amoeboid  movement  enables  many  of  the  lower  ftnimaJiy 
to  capture  their  prey,  which  they  accomplish  by  simply  flowing 
round  and  enclosing  it 

The  remarkable  motions  of  pigment-granules  observed  in  the 
branched  pigment-cells  of  the  frog's  skin  by  Lister,  are  probably 
due  to  amoeboid  movement  These  granules  are  seen  at  one  time 
distributed  imiformly  through  the  body  and  branched  processes 
of  the  cell,  while  under  the  action  of  various  stimuli  (e.^.,  light 
and  electricity)  they  collect  in  the  central  mass,  leaving  the  branches 
quite  colourless. 

Ciliary  action  must  be  regarded  as  only  a  special  variety  of  the 
general  motion  with  which  all  protoplasm  is  endowed. 

The  groimds  for  this  view  are  the  following :  In  the  case  of  the 
Infusoria,  which  move  by  the  vibration  of  cilia  (microscopic  hair- 
like processes  projecting  from  the  surface  of  their  bodies)  it  has 
"been  proved  that  these  are  simply  processes  of  their  protoplasm 
protruding  through  pores  of  the  investing  membrane,  like  the  oars 
of  a  galley,  or  the  head  and  legs  of  a  tortoise  from  its  shell : 
certain  reagents  cause  them  to  be  partially  retracted.  Moreover, 
in  some  cases  cilia  have  been  observed  to  develop  from,  and  in 
others  to  be  transformed  into,  amoeboid  processes. 

The  movements  of  protoplasm  can  be  very  largely  modified  or  even  sus- 
pended by  external  conditions,  of  which  the  following  are  the  most  im- 
portant 

1.  Changes  of  temperature, — Moderate  heat  acts  as  a  stimulant :  this  is 
readily  observed  in  the  activity  of  the  movements  of  a  human  colourless 
blood-corpuscle  when  placed  under  conditions  in  which  its  normal  tempera- 
ture and  moisture  are  preserved. 

Extremes  of  heat  and  cold  stop  the  motions  entirely. 

2.  Meohanioal  stimuli. — ^When  gently  squeezed  between  a  cover  and 
object  glass  under  proper  conditions,  a  colourless  blood-corpuscle  is  stimu- 
lated to  active  amoeboid  movement 

3.  Nerve-influence, — By  stimulation  of  the  nerves  of  the  frog's  cornea, 
contraction  of  certain  of  its  branched  cells  has  been  produced. 
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4.  Chemicdl  stimuli, — ^Water  generally  stops  amoeboid  movement  and  by 
imbibition  caoscs  great  swelling  and  finally  bursting  of  the  cells. 

In  some  cases,  however,  (myxomycetes)  protoplasm  can  be  almost  entirely 
dried  np,  and  is  yet  capable  at.  renewing  its  motions  when  again  moistened. 

Dilate  salt-solation,  and  many  dilate  acids  and  alkalies,  stimulate  the 
movements  temporarily. 

Ciliary  movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid,  and  resumed  on  the  admission  of  air  or  oxygen. 

5.  Electrical, — ^Weak  currents  stimulate  the  movement,  while  strong 
currents  cause  the  corpuscles  to  assume  a  spherical  form  and  become 
motionless. 


11.  Nutrition. — ^The  nutrition  of  cells  will  be  more  appro- 
priately described  in  the  chapter  on  Nutrition  and  Secretion. 

Before  describing  the  Reproduction  of  cells  it  will  be  necessary 
to  consider  more  at  length  their  structure. 

Minute  Structure  of  Cells. — Cell-wall, — ^We  have  seen  (p.  29) 
that  the  presence  of  a  limiting-membrane  is  no  essential  part  of 
the  definition  of  a  cell. 

In  nearly  all  cells  the  outer  layer  of  the  protoplasm  attains  a 
finner  coiiAistenc^  than  the  deeper  portions :  the  individuality  of 
tiie  cell  becoming  more  and  more  clearly  marked  as  this  cortical 
layer  becomes  more  and  more  differentiated  from  the  deeper 
portions  of  cell-^bstance.  Side  by  side  with  this  physical,  there 
is  a  gradual  chemical  differentiation,  till  at  length,  as  in  the  case 
of  the  fatrceUs,  we  have  a  definite  limiting  membrane  differing 
chemically  as  well  as  physically  from  the  cell-contents,  and  re- 
Doaining  as  a  shrivelled-up  bladder  when  they  have  been  removed. 
Such  a  membrane  is  transparent  and  structureless,  flexible,  and 
penneable  to  fluids. 

The  cell-substance  can,  therefore,  still  be  nourished  by  imbibi- 
tion through  the  cell-walL  In  many  cases  (especially  in  fat)  a 
iQembrane  of  some  toughness  is  absolutely  necessary  to  gr\'e  to 
the  tissue  the  requisite  consistency.  When  these  membranes 
attain  a  certain  degree  of  thickness  and  independence  they  are 
termed  capsules :  as  examples,  we  may  cite  the  capsules  of 
cartilage-cells,  and  the  thick,  tough  envelope  of  the  ovum  termed 
the  "  primitive  chorion." 

CeUrContents, — In  accordance  with  their  respective  ages,  posi-j 
tions,  and  functions,  the  contents  of  cells  are  very  varied. 

The  original  protoplasmic  substance  may  undergo  many  trans- 
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formationB ;  thus,  in  fat  cells  we  may  have  oil,  or  fatty  crystali 
occupying  nearly  the  whole  cell-cavity :  in  pigment  cells  we  fint 
gnmulea  of  pigment ;  in  the  various  gland  cells  the  elements  o 
their  secretions.  Moreover,  the  original  protoplasmic  cotitenta  o 
the  cell  may  undergo  a  gradual  chemical  change  with  advoncini 
age  ;  thus  the  protoplasmic  cell-substance  of  the  deeper  layen  o 
the  epidermis  becomes  gradually  converted  into  keratin  as  th 
cell  itpproaches  the  surface.  So,  too,  the  original  protoplasu 
of  the  embryonic  blood-cells  ia  replaced  by  the  htemoglobin  of  tk 
matiu'e  coloured  blood-corpuacle. 

The  minute  structure  of  cells  has  lately  been  made  tb 
subject  of  careful  investigation,  and  what  was  once  regardo 
as  homogeneous  protoplasm  with  a  few  scattered  granules,  ha 
been    stated    to   be    on    exceedingly    complex    structure.      Ii 

i'iff-  3-* 


colourless  blood-corpuscles,  epithelial  cells,  connective-tissn 
corpuscles,  nerve-cells,  and  many  other  varieties  of  cells,  ai 
intrarceUular  network  of  very  fine  fibrils,  the  meshes  of  whiol 
are  occupied  by  a  hyaline  interstitial  substance,  has  been  demon 
strated  (Heitzmann'a  networic)  (fig.  3).  At  the  nodes,  wher 
the  fibrils  cross,  are  little  swellings,  and  these  are  the  object 
described  as  granules  by  the  older  observers :  but  in  some  cellf 
e.p.,  colourless  blood-corpuacles,  there  are  real  granules,  whic) 


*  ^-  3  M-  ColooTleas  blood-corpnscIe  showing  iutra-ceUnUr  network  « 
fieitznmiui,  and  two  nuclei  with  inira-DiicIeai'  network  (Slein  iind  IfobI 
Smith). 

(B.)  Coloored  blood-corpuscle  of  newt  showing  intra-cflUnlar  network  a 
fibriU  (Heitzmuin).  Also  aval  noclens  composed  of  limiting  membrane  ani 
fine  intra-nDcleBT  network  of  fibrils,     x  SOO.    (Eleio  and  Noble  Smith.) 
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appear  to  be  quite  firee  and  unconnected  with  the  intrarcellular 
network. 

Nucleus, — ^Nuclei  (fig.  8,  a)  were  first  pointed  out  in  the  year 
1833,  ^y  ^'  Robert  Brown,  who  observed  them  in  vegetable 
cells.  They  are  either  small  transparent  vesicular  bodies  con- 
taining one  or  more  smaller  particles  (nucleoli),  or  they  aro 
semi-solid  masses  of  protoplasm.  In  their  relation  to  the  life  of 
the  cell  they  are  certainly  hardly  second  in  importance  to  the 
protoplasm  itself,  and  thus  Dr.  Beale  is  fully  justified  in  com- 
prising both  under  the  term  "germinal  matter."  They  exhibit 
their  vitality,  not  in  amoeboid  movements,  but  by  initiating  the 
process  of  division  of  the  cell  into  two  or  more  cells  (fission)  by 
first  themselves  dividing. 

Histologists  have  long  recognised  nuclei  by  two  important 
^characters  :— 

(i.)  Their  power  of  resisting  the  action  of  various  acids  and 
^kalies,  particularly  acetic  acid,  by  which  their  outline  is  more 
clearly  defined,  and  they  are  rendered  more  easily  visible. 

(2.V  Their  quality  of  staining  in  solutions  of  carmine,  hsema- 
toxylin,  Ac  Nuclei  are  most  commonly  oval  or  round,  and  do 
not  generally  conform  to  the  diverse  shapes  of  the  cells ;  they 
ue  altogether  less  variable  elements  than  cells,  even  in  regard 
to  size,  of  which  fact  one  may  see  a  good  example  in  the 
dQiformity  of  the  nuclei  in  cells  so  multiform  as  those  of 
epithelium. 

Their  position  in  the  cell  is  very  variable.  In  many  cells, 
especially  where  active  growth  is  progressing,  two  or  more 
'Nuclei  are  present. 

Minute  Structure  of  Nuclei. — The  nuclei  of  many  ceUs  have 
^u  shown  to  contain  a  fine  intra-nuclear  network   in  every 
''aspect  similar  to  that  described  above  as  intra-cellular  (fig.  3). 
IIL  Beproduction. 

The  life  of  individual  cells  is  probably  very  short  in  comparison 
^th  that  of  the  oiganism  they  compose :  and  their  constant 
decay  and  death  necessitate  constant  reproduction.  The  mode 
^  vhich  this  takes  place  has  long  been  the  subject  of  great  con- 
tiovergy. 

In  the  case  of  plants,  all  of  whose  tissues  are  either  cellular^ 
^  composed  of  cells  which  are  modified  or  have  coalesced  ia 

d2 
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yarious  ways,  the  theoiy  that  all  new  cells  are  deriyed  from 
pre-existing  ones  was  early  advanced  and  very  generally  accepted. 
But  in  the  case  of  animal  tissues  Schwann  and  others  maintained 
a  theory  of  spontaneous  or  free  cell  formation 

According  to  this  view  a  minute  corpuscle  (the  future  nucleolus) 
springs  up  spontaneously  in  a  structureless  intercellular  substance 
(blastema)  very  much  as  a  crystal  is  formed  in  a  solution.  This 
nucleolus  attracts  the  surrounding  molecules  of  matter  to  form 
the  nucleus,  and  by  a  repetition  of  the  process  the  substance  and 
wall  of  the  cell  are  produced. 

This  theory,  once  almost  universally  current,  was  first  disputed 
and  finally  overthrown  by  Remak  and  Virchow,  whose  researches 
established  the  truth  expressed  in  the  words  ^'  Onmis  cellula  e 
cellula." 

It  will  be  teen  that  this  view  is  m  strict  accordance  with  the 
truth  established  much  earlier  in  Vegetable  Histology  that  every 
cell  is  descended  from  some  pre-existing  (mother-)  celL  This 
derivation  of  cells  from  cells  takes  place  by  (i)  fission  or  (2) 
gemmation.  « 

Gemmation, — This  method  has  not  been  observed  in  the  human 
body  or  the  higher  animals,  and  therefore  requires  but  a  passing 
notice.  It  consists  essentially  in  the  budding  off  and  separating 
of  a  portion  of  the  parent  celL 

Fission. — As  typical  examples  of  reproduction  by  fission,  we 
may  select  the  ovum,  the  blood  cell,  and  cartilage  cells. 

In  the  frog's  ovum  (in  which  the  process  can  be  most  readily 
observed)  after  fertilization  has  taken  place,  there  is  first  some 
amoeboid  movement,  the  oscillation  gradually  increasing  until  a 
permanent  dimple  appears,  which  gradually  extends  into  a  furrow 
running  completely  round  the  spherical  ovum,  and  deepening 
until  the  entire  yelk-mass  is  divided  into  two  hemispheres  of 
protoplasm  each  containing  a  nucleus  (fig.  4,  h).  This  process 
being  repeated  by  the  formation  of  a  second  furrow  at  right  angles 
to  the  first,  we  have  four  cells  produced  (c) :  this  subdivision 
is  carried  on  till  the  ovum  has  been  divided  by  segmentation 
into  a  mass  of  cells  (mulberry-mass)  (d)  out  of  which  the  embryo 
is  developed. 

Segmentation  is  the  first  step  in  the  development  of  most 
animals,  and  doubtless  takes  place  in  man. 
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Multiplication  by  fission  has  been  observed  in  the  colourless 
Uood-cells  of  many  animals.    In  some  cases  (fig.  5),  the  process 
been  seen  to  commence  with  the  nucleolus  which  divides 


Fig.  4.» 


^tliin  the  nucleus.    The  nucleus  then  elongates,  and  soon  a  well- 
marked  constriction  occurs,  rendering  it  hour-glass  shaped,  till 
finally  it  is  separated  into  two  parts,  which  gradually  recede  from 
each  other:  the  same  process  is  repeated  in  the  cell-substance, 
and  at  length  we  have  two  cells  produced  which  by  rapid  growth 


F^.  S-t 
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800U  attain  the  size  of  the  parent-celL  In  some  cases  there  is  a 
primary  fission  into  three  instead  of  the  usual  two  cells. 

In  cartilage  {j^g.  6),  a  process  essentially  similar  occurs  with  the 
exception  that  (as  in  the  ovimi)  the  cel^  produced  by  fission 
J^enuun  in  the  original  capsule,  and  in  their  turn  undergo  division, 
^  that  a  large  number  of  cells  are  sometimes  observed  within  a 
coiDmon  envelope.  This  process  of  fission  within  a  capsule  has 
^Q  by  some  described  as  a  separate  method,  imder  the  title 
'^eodogenous  fission,"  but  there  seems  to  be  no  sufficient  reason 
far  drawing  such  a  distinction. 

It  is  important  to  observe  that  fission  is  often  accomplished 
^th  great  rapidity,   the  whole  process    occupying  but  a  few 


*  Fig.  4.  Diagram  of  an  ovum  (a)  nndergoing  segmentation.  In  (6)  it  has 
^^ded  into  two ;  in  (c)  into  four ;  and  in  {d)  the  process  has  ended  in  the 
Production  of  the  so-called  "  mulberry  mass  "  (Frey). 

t  Fig.  5.  Blood-corpuscle  firom  a  young  deer  embryo,  multiplying  by 
fi«i<m  (Frey). 
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minutes,  hence  the  comparative  rarity  with  which  cells  are  seen 
in  the  act  of  dividing. 

Functions  of   Cells. — ^The  functions  of  cells   are   almost  in- 
finitely varied  and  make  up  nearly  the  whole  of  Physiology. 


Fig.  6.* 


They  will  be  more  appropriately  considered  in  the  chapters  treat- 
ing of  the  several  organs  and  systems  of  organs  which  the  cells 
compose. 

Decay  and  Death  of  Cells. — There  are  two  chief  ways  in 
which  the  comparatively  brief  existence  of  cells  is  brought  to  an 
end.     (i)  Mechanical  abrasion,  (2)  Chemical  transformation. 

1.  The  various  epithelia  furnish  abimdant  examples  of  mechan- 
ical abrasion.  As  it  approaches  the  free  surface  the  cell  becomes 
more  and  more  flattened  and  scaly  in  form  and  more  homy  in 
consistency,  till  at  length  it  is  simply  rubbed  oflf  as  in  the  epider- 
mis. Hence  we  find  epithelial  cells  in  the  mucus  of  the  mouth, 
intestine,  and  genito-urinary  tract. 

2.  In  the  case  of  chemical  transformation  the  cell-contents 
undergo  a  degeneration  which,  though  it  may  be  pathological,  is 
very  often  a  normal  process. 

Thus  we  have  (a)  fatty  metamorphosis  producing  oil-globules 
in  the  secretion  of  milk,  fatty  degeneration  of  the  muscular 
fibres  of  the  uterus  after  the  birth  of  the  foBtus,  and  of  the  cells 
of  the  Graafian  follicle  giving  rise  to  the  ^^  corpus  luteum.''  (See 
chapter  on  Generation.) 


*  Fig.  6.  Diagram  of  a  cartilage  cell  andeigoing  fission  within' its  capsule. 
The  process  of  division  is  represented  as  commencing  in  the  nucleolus,  ex* 
tending  to  the  nucleus,  and  at  length  inyolving  the  body  of  the  cell  (Frey). 
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(b)  Pigm^Uary  degeneration  from  deposit  of  pigment,  na  in  the 
epithelium  of  the  air-Tesiclei  of  the  lunga. 

(c)  Caleareow  degeneration  which  is  common  in  the  cells  of 
many  cartilages. 

Having  thus  reviewed  the  life-history  of  cells  in  general,  we 
may  ndw  discuss  the  leading  varieties  of  form  nhich  they  present. 

In  pawii^,  it  ma;  be  welt  to  point,  ont  tbe  nuun  distinctiotu  between 
f^-r%  imiil  and  vegetable  cells. 

tit  has  been  already  mentioDed  that  in  animal  cells  an  envelope  or  cell- 
i^^kJl  ie  by  no  means  always  present.  In  adult  vegetable  cells,  on  tbe  other 
ls.2a.n1l,  a  well-defined  cellolocc  wall  is  higbl;  characteristic ;  this,  it  should 


^^^  obserred,  is  non-nitrogenous,  and  thus  differs  chemically  ns  well  as 

^*Tictur»lIy  from  the  contained  mass, 
j^  Moreover,  in  v^etable  cells  (fig.  7,  B),  the  protoplasmic  contents  of  tho 
^J^lifiUlinto  two  subdiviaions  :  (i)  a  continuons  film  which  lines  the  interior 
^^  the  eeUolose  wall ;  and  (3)  a  reticnlate  masa  containing  the  nocleus  and 
^^capjing  the  cell-cavity  ;  its  intentices  are  filled  with  fiuid.  In  young 
^getable  cells  mch  a  distinction  does  not  exist ;  a  fiQcly  granular  proto- 
t^laiin  occupies  the  whole  ceU-cavity  (fig.  7,  a). 

Jiuothet  striking  difference  is  the  frequent  presence  of  a  large  quantity 
^  intercellnlar  substance  in  aniTrml  tissnes,  while  in  v^etables  it  is  com- 
l^ratiTely  rare,  the  requisite  consistency  being  given  to  their  tissues  by  the 
^Kigh  celloloee  walls,  often  thickened  by  deposits  of  lignin.  In  animal 
^Is  this  end  is  attained  by  the  deposition  of  lime-ealts  in  a  matrix  of  inter- 
ceUular  substance,  as  in  the  process  of  ossification. 

Formt  of  CelU. — Starting   with  the   spherical  or  spheroidal 


•  Kg.  7  (a).  Yonng  vtsetahlB  cells,  showing  cell-cavity  entirely  filled  with 
gnnular  protoplasm  enclosing  a  large  oval  nucleus,  with  one  or  more  nncleoli. 

(s.)  Older  cella  froni  same  plant,  showing  di^inct  cellulose-wall  and  vacao- 
lo^on  of  protopUsm. 
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(tig.  8,  a)  as  the  typical  foim  aBSumed  by  a  free  cell,  we  find .  this 
altered  to  a  polyhedral  shape  when  the  pressure  on  the  cells  in  all 
directions  is  nearly  the  same  (fig;  8,  b). 

Of  this,  the  primitive  segmentation-cells  may  afibrd  an  exam|^ 


Tho  discoid  shape  is  aeen  in  blood-cells  (fig.  S,  c),  and  the  scale- 
like  form  in  superficial  epithelial  cells  (fig.  8,  d).  Some  celb  have 
*  jogged  outline  (prickle- cells)  (fig.  la). 

Cylindrical,  conical,  or  prismatic  cells  occiir  iu  the  deeper  layers 
of  lamiuated  epithelium,  and  the  simple  cylindrical  epithelium  of 
the  intestine  and  many  gland  ducta.     Such  cells  may  taper  off  at 

Fig.  9-i 


one  or  both  ends  into  fine  processes,  in  tho  former  case  being 
caudate,  in  the  latter  fusiform  (fig.  9).  They  may  be  greatly 
elongated  so  as  to  become  fibres.  Ciliated  cells  (fig  9,  t^)  must 
be  noticed  as  a  distinct  variety :  they  possess,  but  only  on 
their  free  surfaces,  hair-like   processes    (cilia).      These  vary  im- 


*  Fif{,  8.  Varioni  forma  of  cells,  a.  Spheroidal,  showing  nndens  and 
nQcleoliu.  b.  FolyhedrkL  e.  Discoidal  (blood  cells),  d.  Scaly  or  tquamoiu 
(epitlieltal  celli). 

t  Fig.  9.     Various  forma  of  oella.    a.  Cylindrical  or  colomnar.   *.  C«nd«te. 

~    "  d.  Ciliated  (trota  trachea),     c  Brauclied,  atelUte. 
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luenselj  in  size,  and  may  even  exceed  in  length  the  cell  itself! 
finally  we  have  the  branched  or  stellate  cells,  of  which  the  large 
t^erve-cells  of  the  spinal  cord,  and  the  connectiye  tissue  corpuscle 
ire  typical  examples  (fig.  9,  e).  In  these  cells  the  primitive 
branches  by  secondary  branching]  may  give  rise  to  an  intricate 
network  of  processes. 

O^aasifloatioii  of  Cells. — Cells  may  be  classified  in  many 


-According  to  (a)  Form,  they  may  be  classified  into  spheroidal  or 
P^^>X  jhedral,  discoidal,  flat  or  scaly,  cylindrical,  caudate,  fusiform^ 
<^^  xated  and  stellate. 

^b)  Situation  : — we  may  divide  them  into  blood  cells,  gland 
c^^lUs,  connective  tissue  cells,  &c. 

^c)  Contents : — fat  and  pigment  cells  and  the  like. 

^d)  Function  :— secreting,  protective,  contractile,  &c. 

^e)  Origin  : — hypoblastic,  mesobLostic,  and  epiblastic  cells.  (See 
IT  on  Generation.) 


It  remains  only  to  consider  the  various  ways  in  which  cells  are 
^^^^^nected  together  to  form  tissues,  and  the  transformations  by 
^^ich  intercellular  substance,  fibres  and  tubules  are  produced. 
-^odeB  of  connection, — Cells  are  connected: — 
(i)  By  a  cementing  intercellular  substance.     This  is  probably 
^"^Tiys  present  as  a  transparent,  colourless,  viscid,  albuminous  sub- 
^^^oice,  even  between  the  closely  apposed  cells  of  cylindrical  epi- 
^■^^lium,  while  in  the  case  of  cartilage  it  forms  the  main  bulk  of 
^^  tissue,  and  the  cells  only  appear  as  imbedded  in,   not  as 
^^ixiented  by,  the  intercellular  substance. 

This  intercellular  substance  may  be   either  homogeneous  or 
^binllated. 

In  many  cases  (t.g,  the  cornea)  it  can  be  shown  to  contain  a 

"^tunber  of  irregular  branched  cavities,  which  commimicate  with 

^^ch  other,  and  in  which  the  branched  cells  lie :  through*  these 

"J^anching  spaces  nutritive  fluids  can  find  their  way  into  the  very 

^'^^otest  parts  of  a  non- vascular  tissue.  ^ 

As  a  special  variety  of  intercellular  substance  must  be  men- 
tioned the  basement  membrane  (m^m6rana  propria)  which  is  found 
^  the  base  of  the  epithelial  -cells  in  most  mucous  membranes,  and 
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especially  as  an  investing  tunic  of  gland  follicles  which  detennines 
their  shape,  and  which  may  persist  as  a  hyaline  saccule  after  the 
gland-cells  have  aU  been  discharged. 

(2)  By  anastomosis  of  their  processes. 

This  is  the  usual  way  in  which  stellate  cells,  e,  g,  of  the  cornea, 
are  united :  the  individuality  of  each  cell  is  thus  to  a  great  extent 
lost  by  its  connection  with  its  neighbours  to  form  a  reticulum : 
as  an  example  of  a  network  so  produced,  we  may  cite  the  stroma 
of  lymphatic  glands. 

Sometimes  the  branched  processes  breaking  up  into  a  maze  of 
minute  fibrils,  adjoining  cells  are  connected  by  an  intermediate 
reticulum :  this  is  the  case  in  the  nerve-cells  of  the  spinal  cord. 

Besides  the  Cell,  which  may  be  termed  the  primary  tissue- 
element,  there  are  materials  which  may  be  termed  secondary  or 
derived  tissue-elements.  Such  are  Intercellular  substance,  Fibres 
and  Tubules. 

Intercellular  substance  is  probably  in  all  cases  directly  derived 
from  the  cells  themselves.  In  some  cases  (e.  g,  cartilage),  by  the 
use  of  re-agents  the  cementing  intercellular  substance  is,  as  it 
were,  analysed  into  various  masses,  each  arranged  in  concentric 
layers  around  a  cell  or  group  of  cells,  from  which  it  was  probably 
derived  (fig.  38). 

Fibres, — In  the  case  of  the  crystalline  lens,  and  of  muscle  both 
striated  and  non-striated,  each  fibre  is  simply  a  metamorphosed 
cell :  in  the  case  of  striped  fibre  the  elongation  being  accompanied 
by  a  multiplication  of  the  nuclei. 

The  various  fibres  and  fibrillse  of  connective  tissue  result  from 
a  gradual  transformation  of  an  originally  homogeneous  inter- 
cellular substance.  Fibres  thus  formed  may  imdergo  great 
chemical  as  well  as  physical  transformation  :  this  is  notably  the 
case  with  yellow  elastic  tissue,  in  which  the  sharply  defined  elastic 
fibres,  possessing  great  power  of  resistance  to  re-agents,  contrast 
strikingly  with  the  homogeneous  matter  from  which  they  are 
derived. 

7VZ>w/e«,which  were  originally  supposed  to  consist  of  structure- 
less membrane,  have  now,  by  the  action  of  nitrate  of  silver,  been 
proved  in  many  cases  to  be  composed  of  flat,  thin  cells,  cohering 
along  their  edgea     (See  Capillaries.)    The  boundaries  between 
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the  cells  are  marked  out  by  the  precipitation  of  oxide  of  silver 
under  the  action  of  light.  In  this  way  the  composite  structure  of 
blood-  and  lymph-capillaries  has  been  clearly  demonstrated. 

With  these  simple  materials  the  various  parts  of  the  body  are 
built  up;  the  more  elementary  tissues  being,  so  to  speak,  first 
compoimded  of  them ;  while  these  again  are  variously  mixed  and 
interwoven  to  form  more  intricate  combinations. 

Thus  are  constructed  epithelium  and  its  "modifications,  connec- 
tive tissue,  fat,  cartilage,  bone,  the  fibres  of  muscle  and  nerve,  &c ; 
and  these,  again,  with  the  more  simple  structures  before  men- 
tioned, are  used  as  materials  wherewith  to  form  arteries,  veins, 
and  lymphatics,  secreting  and  vascular  glands,  lungs,  heart,  liver, 
and  other  parts  of  the  body. 


CHAPTER    IV. 

STRUCTURE    OF    THE    ELEMENTARY    TISSUES. 

In  this  chapter  the  leading  characters  and  chief  modifications 
of  two  great  groups  of  tissues — the  Epithelial  and  Connective— 
"vrill  be  briefly  described;  while  the  Nervous  and  Muscular, 
together  with  several  other  more  highly  specialized  tissues,  will 
be  appropriately  considered  in  the  chapters  treating  of  their 
physiology. 

Epithelium. 

Epithelium  is  composed  of  cells  of  various  shapes  held  together 
by  a  small  quantity  of  cementing  intercellular  substance. 

Epithelium  clothes  the  whole  exterior  surface  of  the  body, 
forming  the  epidermis  with  its  appendages — nails  and  hairs ; 
becoming  continuous  at  the  chief  orifices  of  the  body — nose, 
mouth,  anus,  and  urethra — with  the  epithelium  which  lines  the 
whole  length  of  the  alimentary  and  genito-urinary  tracts,  together 
with  the  ducts  of  their  various  glands.  Epithelium  also  lines  the 
cavities  of  the  brain,  and  the  central  canal  of  the  spinal  cord,  the 
serous  and  synovial  membranes,  and  the  interior  of  all  blood- 
vessels  and  lymphatica 
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The  cells  compoBing  it  may  be  arranged  in  either  one  or  more 
layers,  so  that  it  may  be  sub-divided  into  (a)  Simple,  and  (6) 
Laminated  epithelium.  A  simple  epithelium,  for  example,  lines 
the  whole  intestinal  mucous  membrane  from  the  stomach  to  the 
anus :  the  epidermis  on  the  other  hand  is  laminated  throughout 
its  entire  extent 

Epithelial  cells  possess  an  intracellular  and  an  intranuclear  net- 
work (p.  34)..  They  are  held  together  by  a  clear,  albuminous, 
cement  substance.  The  viscid  semi-fluid  consistency  both  of  cells 
and  intercellular  substance  permits  such  changes  of  shape  and 
arrangement  in  the  individual  cells  as  are  necessary  if  the  epithe- 
lium is  to  maintain  its  integrity  in  organs  the  area  of  whose  free 
surface  is  so  constantly  changing,  as  the  stomach,  limgs,  &c 
Thus,  if  there  be  but  a  single  layer  of  cells,  as  in  the  epithelium 
lining  the  air  vesicles  of  the  lungs,  the  stretching  of  this  mem- 
brane causes  such  a  thinning  out  of  the  cells  that  they  change 
their  shape  from  spheroidal  or  short  columnar,  to  squamous,  and 
vice  versd,  when  the  membrane  shrinks. 

Epithelial  cells  may  be  conveniently  classified  as :  i. — Squa- 
mous, scaly,  pavement,  or  tessellated.  2. — Spheroidal,  glandular, 
or  polyhedral.  3. —  Columnar,  cylindrical,  conical,  or  goblet- 
shaped.     4. — Ciliated. 

Although,  for  convenience,  epithelial  cells  are  thus  classified, 
yet  the  first  three  forms  of  cells  are  sometimes  met  with  at 
different  depths  in  the  same  membrane.  As  an  example  of  such 
a  laminated  epithelium  showing  these  different  cell-forms  at 
various  depths,  we  may  select  the  anterior  epithelium  of  the 
cornea  (fig.  10). 

I.  Squamous  Epitlielium  {?ig,  11). — Arranged  in  several  supei^ 
posed  layers,  this  form  of  epithelium  covers  the  skin,  where  it  is 
called  the  Epidermis,  and  lines  the  mouth,  pharynx,  and  cesophar 
gus,  the  conjunctiva  covering  the  eye,  the  vagina,  and  entrance  of 
the  urethra  in  both  sexes  ;  while,  as  a  single  layer,  the  same  kind 
of  epitheliiun  forms  the  innermost  stratum  of  the  choroid,  and 
lines  the  interior  of  the  serous  and  synovial  sacs,  and  of  the  heart, 
blood-  and  lymph-vessels  (Endothelium).  It  consists  of  cells, 
which  are  flattened  and  scaly,  with  an  irregular  outline :  and,  when 
laminated,  may  form  a  dense  homy  investment,  as  on  parts  of  the 
palms  of  the  hands  and  soles  of  the  feet.   The  nucleus  is  often  not 
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apparent,  though  it  can  generally  be  rendered  visible  by  the  use  of 
certain  r&«igetit8.     The  really  cellular  nature  of  even  the  dry  and 


BhriTelled  scales  cast  off  from  the  suriacc  of  the  epidennis,  can 
be  proved  by  the  application  of  caustic  potoah,  ivhicb  causes  them 
rapidly  to  swell  and  asaume 
their  originally  spheroidal  form. 

Squamous  cells  are  generally 
nnit«d  by  an  intercellular  sub- 
stance i  but  in  many  of  the 
deeper  layers  of  epithelium  in 
the  mouth  and  skin,  the  outline 
of  the  cells  ia  very  irregular. 

Such  cells  {fig.  12)  ore  termed  ' 
"prickle"  cells.  These  "prickles" 
are  prolongations  of  the  intra- 
cellular network  nhich  run  across 
from  cell  to  cell  thus  joining 
them  together  (Martyn),  the  ra 
teraticea  being  filled  by  the  trans- 
parent intercellular  cement  sub 
rtance.  When  this  increases  m 
qoantityin  inflammation,  the  cells 
are  pushed  further  apart  and 
the  connecting  fibnla  or  '  prick 
les"  elongated,  and  therefore  more  clearly  visible. 

*  Fig.  10.     Verticsl  section  of  Babbit's  comea.     a.  Anterior  epithelium, 

thoiriDg  the  diffcreat  shapes  of  the  cells  at  various  depths  from  the  free  sur- 

bee.     b.  Portion  of  the  Bubstance  of  comea  (Elein). 

f  Tig.  II.  Epithelium  scales  from  the  inside  of  the  mouth,    x  260.  (Heiile.) 

t  Fig.  12.     Jsgged  cells  of  the  middle  layeis  of  pavement  epithelium,  from 

a  nrticil  Mction  of  the  gam  of  a  nerrbora  infant  (Kleio). 
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Squamous  epithelium,  t.g.  the  cells  of  the  choroid,  iiuiy  have 
a  deposit  of  pigment  in  the  cell-substance.     This  pigment  conaists 
of  minute  molecules   of  vuJatiia, 
Big.  13.*  imbedded    in    the     oell-Bubstance 

and  almoBt  concealing  the  nucleus, 
which  ia  itself  transparent  (fig.  13). 
M^^^    ^jMftf'^Mir  1°  albino  rabbits,  in  which  the 

^^i^^  MH^aiWh       pigment  of  the  choroid  is  absent, 
this  lajer  is  found  to  consist  of 
colourless  pavement  epithelial  cells. 
EndoUielimn. — ^The  squamous 
epithelium  lining  the  serous  mem- 
branes,   and   the    interior    of    blood-vessels,    presents   so    msny 
special  features  as  to  demand   a  special  description;    by  some 
histologists  it  is  even  called  by  a  distinct  name — Endothelium. 

The  main  points  of  distinction  above  alluded  to  are,  i.  the 
very  flattened  form  of  these  cells ;  3.  their  constant  occurrence  in 
only  a  single  layer ;  3.  the  fact  that  they  are  developed  fixim  the 
"mesoblast,"  while  all  other  epithelial  cells  are  derived  Irom 
the  "epiblast,"  or  "hypoblast."  (See  chapter  on  Generation.) 
4.  they  line  closed  cavities  not  communicating  with  the  exterior 
of  the  body.  Endothelial  cells  form  an  important  and  well-defined 
subdivision  of  squamous  epithelial  cells,  which  has  been  especially 
studied  during  the  last  few  years.  Their  examination  has  been 
much  facilitated  by  the  adoption  of  the  method  of  staining  serous 
membranes  with  nitrate  of  silver. 

When  a  Bmall  portion  of  a  perfectly  fresh  acnms  membraue,  as  the  meeen- 
teT7  or  omentum,  is  immeraed  for  a  fen  minutes  in  a  quarter  per  cent,  solu- 
tdon  of  tiiifl  re-agent,  washed  with  wat*r  and  eiposed  to  the  action  ot  light, 
the  ailvcr  oxide  is  precipitated  along  the  boundaries  of  the  cgIIb.  and  the 
whole  snrfftce  ia  loimd  to  be  marked  out  with  eiqaiBite  delicacy,  by  fine 
dark  lines,  into  a  nombcr  of  |)o1ygonal  spaces  (endothelial  cells)  (fig.  14). 

Endothelium  lines,  as  before  mentioned,  all  the  serons  cavities 
of  the  body,  including  the  anterior  chamber  of  the  eye,  also  the 
synovial  membranes  of  joints,  and  the  interior  of  the  heart  and  of 


*  F'S'  '3-  Pigment-eelU  from  the  choroid.  A,  cells  still  cohering,  seen 
on  their  surface  ;  a,  nuclens  indistinctly  seen.  In  the  other  cells  the  iknclens 
is  concealed  by  tbe  pigment  granules.  B,  two  celts  seen  In  profile  ;  a,  tha 
oatCT  or  posterior  part  containing  scarcely  any  pigment,      x  370.     (Henle.) 
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all  blood-yeflaels  and  lymphatics.   It  forme  also  a  delicate  inreetrng 
dieBtli  for  nerve-fibres  and  peripheral  ganglion-cells. 
Fig  H* 


Endothelial  ceQfl  are  scaly  tn  form,  and  uregular  id  outline  ; 
fig.  15-t 


'hoae  lining  the  interior  of  blood-vessels  and  lymphatics  haTing  a 


*  Fig.  14.  Abdonusal  mrbce  of  ccntnun  teudinenm  of  nbbit,  showing  the 
gBKnl  polygaul  ilupe  of  the  endothelial  cells :  each  ii  nacleatcd  (Klein). 

t  Fig.  15.  SilTei^iUiiied  preparstion  of  .great  omentum  of  dog,  which 
Atmt,  »moa^  the  fl»t  exulothelinm  of  the  surface,  Email  tmd  large  gronpt  of 
ffftitinrtfaig  endothelium,  betweeu  which  numbers  of  stomata  ut  to  be  Mm 
(Eldn).     K  aooL 
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Bpmdl&flhape  \rith  a  very  wavy  outline.  The;  endoee  a  cleu, 
oval  nucleuH,  which,  nhea  the  cell  is  viewed  io  profile,  is  seen 
to  project  fiuin  its  Burface. 

EndotheLal  cells  may  be  ciliated,  e^.,  those  in  the  meBentety 
or  frogB,  especially  about  the  breeding  seaaon. 

Besides  the  ordinary  endothelial  cells  above  described,  there 
ore  found  on  the  omentum  and  parts  of  the  pleura  of  many 
animals,  little  bud-like  processes  or  nodules,  oonsiating  of  small 
polyhedral  granular  cells,  rounded  on  their  free  surface,  whicb 
multiply  very  rapidly  by  division   (fig,  ;s)'      These    couatitnte 


what  is    known  as    "germinating  endotheUum."      Tho 

of   germination    doubtless    goes  on    in   health,   and   the   small 

cells  whicb  are  thrown  off  in    succeBsion   are   carried   into   the 

lymphatics.    The  buds  miiy  be  enormously  increased  both  in 

number  aud  size,  in  certain  diseased  conditions.     (Klein,  Bnrdon- 

Sanderson.) 

On  those  portions  of  the  peritoneum  and  other  serous  mem- 
branes where  lymphatics  abound,  there  are  numerous  small 
orifices — stomata — (fig,  i6)  between  the  endothelial  cells:  these 
are  really  the  open  mouths  of  lymphatic  vessels,  and  through 
them  lympb-corpuacles,  and  the  serous  fluid  from  the  serous 
eavity,  pass  into  the  lymphatic  system. 


*  Fig.  i6.  Peritonenl  surfare  of  eeptum  ci 
ftoR.  Tlie  stoinnlji,  some  of  which  are  open,  si 
by  genuinatiDg  endatbeliuni  (Klein),      x  160. 


:niie  lymphuticiE  magnic  of 
D  collupaed,  ore  Bmrounded 
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a.    Sphtrmdal  epithelial   cells  are  the  active  secreting  agents 

□  moat  secretiiig  ^ands,  and  hence  are  often  teimed  glandular : 

Fig.  17.- 


1  outline    often  poly* 


Fig.  i8.t 


(hey  are  generallj  more  or  lees  rounded  i 

gotul  from  mutual  preasure 

Excellent  examples  are  to  be  found  m  the  secretmg  tubes  of 
the  kidney,    and   m   the   salivary 
*m  peptic  glands  (fig:  17). 

3.  Co^Hmn(irepithelJum(Gg.i8,&) 
luies  the  mucous  membrane  of  the 
stomach  and  intestines,  from  the 
^^ardiac  orifice  of  the  stomach  to 
ttie  anus,  and  wholly  or  in  part  the 

^Qcta  of  the  glands  opening  on  its 

vec   gui&ce ;    also    many  gland 

ducts  in  otiier  r^ons  of  the  body, 

^g.,  mammary,   salivary,   &c ,  it 

^nna    the    deep^  layers   of  the 

^itheliAl  lining  of  the  trachea  and 

Ofidncto. 
It  consists  of    cells  which  are 

ifproximately  i^lindrical  or    prismatic   in   form,   and   contcun 

*  Hg.  17.  Bection  of  BubmsxiUaiy  gland  of  dog.  a.  SaliTary  dact,  witli 
cdnnuur  epillieUiun.     b.  SpliBroidal  or  glandular  epitbeliom  liiiisg  follicle 

t  n^  18,  Tertical  BectioD  of  a  villni  of  the  small  inlMtine  of  a  cat  a. 
StMtadlaailaTbBdBroftluepitheliDiii.  b,  Colanmar  «pithelinm.  c  Qoblet 
edh.  d.  CsDtral  lymph-Tsaul.  e.  Smooth  mutcalu  fibres.  /.  Adrawl 
(trana  of  Uw  Tillna  in  rrhtEh  lymph  coipnsdea  lie  (Eleio). 
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n  Urge  oval  nucleus,  \fhcn  evenly  packed  nde  by  side  aa  a 
single  layer,  the  cells  are  UQiformly  columnar;  but  when 
occurring  in  oererol  layers  as  in  the  deeper  Htrata  of  the 
epithelial  lining  of  the  tischea,  theii 
shape  ia  very  variable,  and  often 
departs  veiy  widely  from  the  tyiucal 
columnar  fonn. 

GoidetrcelU. — Many  cylindrical  op- 
thelial  cells  undergo  lu  curious  trans- 
formation, and  from  the  alteration  in 
their  shape  are  termed  goblet-cells 
(fig.  tS,  c,  and  19). 
These  are  never  seen  in  4  per- 
fectly fresh  specimen :  but  if  such  a  specimen  be  watched  fhr 
some  time,  little  kuobs  are  seen  gradually  appearing  on  the  free 
surface  of  the  epithelium,  and  arc  fioolly  detached;  these  consist 
of  the  cell-contents  which  are  dischai^ged  by  the  open  mouth  of 
the  goblet,  leaving  the  nucleue  aurrounded  by  the  remains  of  tho 
protoplasm  in  its  narrow  stem. 
Some  regard  this  transformation  as  a  normal  process  which  is 


Fly.  sat 


Fig.  31.; 


continually  going  on  during  life,  the  discharged  cell-contents  con- 
tributing to  form  the  mucus  of  the  alimentary  canal,  the  cells 
being  supposed  in  many  cases  to  recover  their  original  shape. 

Some  epithelia  possess  a  structureless  layer  on  their  free  but- 
face,  which  may  form  a  definite  cuticular  membrane :  such  a  layer 

■  Fig.  19.    Goblet-celU  (KUiu). 

i"  Fig,  ao.     Spheroidal  ciliated  cells  from  the  month  of  the  fnig ;  nuguified 
300  diameten  (Sharpcj). 

t  Fig.  31.   d.  Ciliated  colamnar  epitheliam  lining  s  hionchiu.  I 
KOnective-tisBiie  corpnsdea  (Eleiu  and  Noble  Smith). 
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18  preset  in  the  intestine,  and  appearing  striated  when  viewed  in 
section,  is  termed  the  " striated  basilar  border"  (fig.  18). 

4.  Ciliated  cells  are  generally  cylindrical  (fig.  21),  but  may  be 
spheroidal  or  even  almost  squamous  in  shape  (fig.  20). 

This  form  of  epitheliiun  lines  the  whole  of  the  respiratory  tract 
from  the  larynx  to  the  finest  sub-divisions  of  the  bronchi,  also 
the  lower  parts  of  the  nasal  passages,  and  some  portions  of  the 
generative  apparatus — in  the  male,  lining  the  "  vasa  efierentia " 
of  the  testicle,  and  their  prolongations  as  far  as  the  lower  end  of 
the  epididymis ;  in  the  female  conunencing  about  the  middle  of 
the  neck  of  the  uterus,  and  extending  throughout  the  uterus  and 
Fallopian  tubes  to  their  fimbriated  extremities,  and  even  for  a 
abort  distance  on  the  peritoneal  smface  of  the  latter. 

The  ventricles  of  the  brain  and  the  central  canal  of  the  spinal 
cord  are  clothed  with  ciliated  epithelium  in  the  child,  but  in  the 
adult  it  is  limited  to  the  central  canal  of  the  cord. 

The  Cilia,  or  fine  hair-like  processes  which  give  the  name  to  this 

variety  of  epithelium,  vary  a  good  deal  in  size  in  different  classes  of 

atnimals,  being  very  much  smaller  in  the  higher  than  among  the 

lo^er  orders,  in  which  they  sometimes  exceed  in  length  the  cell  itself. 

The  number  of  cilia  on  any  one  cell  ranges  from  ten  to  thirty, 

^*id  those  attached  to  the  same  cell  are  often  of  different  lengths. 

^VTien  examined  in  a  portion  of  living  ciliated  epithelium  im- 

^^ersed  in  some  indifferent  fluid,  they  are  seen  to  be  in  constant 

^pid  motion  ;  each  cilium  being  fixed  at  one  end,  and  swinging 

^  lashing  to  and  fro.     The  general  impression  given  to  the  eye 

^f  the  observer  is  very  similar  to  that  produced  by  waves  in  a 

Md  of  com,  or  swiftly  nmning  and  rippling  water,  and  the  result 

of  their  movement  is  to  produce  a  continuous  current  in  a  definite 

^iirection,  and  this  direction  is  invariably  the  same  on  the  same 

sur&oe,  being  always,  in  the  case  of  a  cavity,  towards  its  external 

orifice. 

Special  Epithelium  in  Organs   of  Special   Sense. — In 

addition  to  the  above  kinds  of  epithelium,  certain  highly  specialized 

forms  of  epithelial  cells  are  foimd  in  the  oi^gans  of  smell,  sight, 

tnd  hearing,  viz.,  olfactory  cells,  retinal  rods  and  cones,  auditory 

oelb ;  they  will  be  described  in  the  chapters  which  deal  with  their 

functiona. 

12 
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Fanotion8  of  Epithelium. — According  to  function,  epithelial 
cells  may  be  classified  as : — 

(i.)  Frotfctive,  e:g,y  in  the  skin,  mouth,  blood-vessels,  &c. 

(2.)  Protective  and  moving — ciliated  epithelium. 

(3.)  Secreting — ^glandular  epithelium  ;   or,  Secreting  formed  d^^ 
ments — epithelium  of  testicle  secreting  spermatozoa. 

(4.)  Protective  and  secreting,  e,  g,,  epithelium  of  intestine. 

(5.)  Sensorial,  e.g.,  olfactory  cells,  rods  and  cones  of  retinte^ 
organ  of  Corti, 


Epithelium  forms  a  continuous  smooth  investment  over  th 
whole  body,  being  thickened  into  a  hard,  homy  tissue  at  th 
points  most  exposed  to  pressure,  and  developing  various  appeu — 
dages,  such  as  hairs  and  nails,  whose  structure  and  functions  wilS- 
be  considered  in  a  future  chapter.  Epithelium  lines  also  the  sen-^- 
serial  surfaces  of  the  eye,  ear,  nose,  and  mouth,  and  thus  served 
as  the  medium  through  which  all  impressions  from  the  external- 
world — touch,  smell,  taste,  sight,  hearing — reach  the  delicate 
nerve-endings,  whence  they  are  conveyed  to  the  brain. 

The  ciliated  epithelium  which  lines  the  air-passages  serves  not^ 
only  as  a  protective  investment,  but  also  by  the  movements  of* 
its  cilia  is  enabled  to  propel  fluids  and  minute  particles  of  solid 
matter  so  as  to  aid  their  expulsion  from  the  body.     In  the  cas9 
of  the  Fallopian  tube,  this  agency  doubtless  assists  the  progress 
of  the  ovum  towards  the  cavity  of  the  uterus.     Of  the  purposes 
served  by  cilia  in  the  ventricles  of  the  brain,  nothing  is  known. 
(For  an  account  of  the  nature  and  conditions  of  ciliary  motion,  see 
chapter  on  Motion.) 

The  epithelium  of  the  various  glands,  and  of  the  whole  intes- 
tinal tract,  has  the  power  of  secretion,  t.  e,,  of  chemically  trans- 
forming certain  materials  of  the  blood ;  in  the  case  of  mucus  and 
saliva  this  has  been  proved  to  involve  the  transformation  of  the 
epithelial  cells  themselves ;  the  cell  substance  of  the  epithelial 
cells  of  the  intestine  being  discharged  by  the  rupture  of  their 
envelopes,  as  mucus. 

Epithelium  is  likewise  concerned  in  the  processes  of  transuda- 
tion, difiusion,  and  absorption. 

It  is  constantly  being  shed  at  the  free  surface,  and  reproduced 
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in  the  deeper  layers.  The  various  stages  of  its  growth  and  de- 
Telopment  can  be  well  seen  in  a  section  of  any  laminated 
epithelium^  such  as  the  epidermis. 

The  Connective  Tissues. 

This  group  of  tissues  forms  the  skeleton  with  its  various  con* 
nections — bones,  cartilages,  ligaments,  &c, — ^and  also  affords  a 
eupporting  framework  and  investment  to  various  organs  composed 
of  nervous,  muscular,  and  glandular  tissue.  Its  chief  function 
is  the  mechanical  one  of  support,  and  for  this  purpose  it  is  so 
intimately  interwoven  with  nearly  all  the  textures  of  the  body, 
-that  if  all  other  tissues  could  be  removed,  and  the  connective 
iissues  left,  we  should  have  a  wonderfully  exact  model  of  almost 
«very  organ  and  tissue  in  the  body,  correct  even  to  the  smallest 
laiinutifie  of  structure. 

The  chief  varieties  of  connective  tissues  may  be  conveniently 
Tepresented  in  the  following  tabular  view  : — 

Gelatinous. 
White  Fibrous, 
Yellow  Ela^ti  . 
Areolar, 
Retiform, 
Adipose. 
Cartilage, 
Bone. 

Before  describing  the  varieties  of  connective  tissue,  it  will  be 
weU  to  consider  the  structural  elements  of  which  they  are  com- 
posed, namely,  cells  and  intercellular  substance. 

Cells. — The  cells  are  of  two  kinds — 

(a.)  Branched  cells, — ^These  are  fixed  cells  of  a  flattened  shape, 
with  branched  processes,  which  are  often  tmited  together  to  form 
a  network  :  they  can  be  most  readily  observed  in  the  cornea  in 
which  they  are  arranged,  layer  above  layer,  parallel  to  the  free 
surface.  They  lie  in  spaces,  which  they  accurately  fill,  and  which 
form  by  anastomosis  a  system  of  branching  canals  freely  com- 
municating (fig.  22). 

These  branched  cells,  in  certain  situations,  contain  a  numbox 


Connective  Tissues 
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oE  pigmcnt-granulea,  giving  thom  a  dark  iippeamnoe :  the;  fon= 
one  variety  of  pigment-celh.  Brancbed  ptgment-cellB  of  tb  _ 
bind  are  found  in  the  outer  layers  of  the  choroid  {fig.  ajs 
In  many  lower  animale,  such  na  the  ftog,  they  are  found  wideE 


distributed,  not  only  in  the  Bkiu,  but  also  in  many  internal  p&rt»r 
e.  g.,  the  mcHcntciy  and  ahcnths  of  blood-vcesels.  In  the  \ret7 
of  the  frog's  foot  such  pigment  cells  may  be  seen,  with  pig- 
ment cveiily  distributed  through  the  body  of  the  cell  and  its 
processes ;  but  under  the  action  of  light,  electricity,  and  other 
stimuli,  the  pigment-granules  become  inasscd  in  the  body  of  the 
cell,  leaving  the  processes  quite  hyaline;  if  the  stimulus  be 
removed,  they  will  gradually  be  distributed  ag^n  all  over  the 
processes.  Thus  the  skin  in  the  frog  is  sometimes  uaiformly 
dusky,  and  sometimes  quite  light -coloured,  with  isolated  dark 
spots.     In  the  choroid  the  pigment-cells  absorb  stray  light. 

{b.)  Amceboid  celh,  of  an  approiimately  spherical  shapo :  they 
have  a  great  general  resemblance  to  colourless  blood  corpuscles 
(fig.  2) ,  with  which  some  of  them  ore  probably  identical  They 
consist  of  finely  granular  nucleated  protoplasm,  and  have  the 
property,  not  only  of  changing  their  form,  but  also  of  moving 


'  Fig.  22.  Horizontal  preporntion  of  compa  of  frog  ;  showiDg  the  network 
of  branchsd  cornea  corpuscles.  The  ground-substanco  is  completely  colour* 
lew.     x4oa    (Klein.) 
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About,  vheuoe  the;  are  termed  migratory.  They  are  nadily  dis- 
tingoiahed  from  the  branched  connective-tissue  corpuscles  b;  their 
free  condition,  and  the  absence  of  proceases. 


^# 


Intcroellalar  Substance.— This  may  be  homogeneous,  as  in 
hjaliuo  cartilage  i  or  fibrillar,  as  in  fibrous  tissue. 

The  fibres  composing  the  latter  are  of  two  kinds— (a.)  White 
fibres,     (b.)  Tellov  elastic  fibres. 

(a.)  Wfute  FAra. — These  are  arranged  parallel  to  each  other 
in  wavy  bundles  of  various  sizes  :  such  bundles  may  either  have 
a  parallel  arrangement  (fig.  35),  or  may  produce  quite  a  felted 
teiture  by  their  interlacement.  The  individual  fibres  composing 
these  fasciculi  are  homogeneous,  unbranched,  and  of  the  aame 
diameter  throughout.  They  can  readily  bo  isolated  by  macerating 
a  portion  of  irhite  fibrous  tissue  («.  g.,  a  small  piece  of  tendon)  for 
a  short  time  in  lime,  or  baryta-vater,  or  in  a  solution  of  common 
salt,  or  permanganate  of  potash :  these  reagents  possessing  the 
power  of  dissolving  the  cementing  interfibrillar  substance  (which 


*  Rg.  33.  BuniEed  pignicDt-cellB,  from  the  tiMue  of  the  choroid  coat  of 
the  eye  ;  magnified  350  diameteis.  a,  cell  with  pigment  ;  b,  colourleu 
(nnform  eelli  (KsUiker). 

+  Fig.  24.  Flat,  pigmented,  bronched,  coimective-tissno  cells  from  the 
theath  of  •  large  blood-vewel  oF  frog's  mesentery  :  the  pigment  ia  not  diatri- 
hnted  mufbrml;  through  the  ■nbatance  of  the  larger  cell,  conaaqnently  some 
pvta  of  the  cell  look  blacker  than  others  [uncontracted  state).  In  the  two 
smaller  cell*  moat  of  the  pigment  is  withdrawn  into  the  cell-bod;,  w  that 
tbiT  ^ipMr  RMlIer,  blacker,  and  less  branched,  x  35a  (Klein  and  Noble 
Smitli.} 
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18  nearly  allied  to  iTntonm),  and  thos  sepantinf*  tha  fibna  ftan 
each  other. 

{b.)  Yellow  Eltutic  Film  (fig.  36)  are  of  all  aiiea,  fhnu  exon- 
sively  fine  fibrils  up  to  fibres  of  conBiderable  thickmeaa  :  they  are 
distinguished  Arom  vhite  fibres  by  the  following  chantotera  : — (i.) 
Their  great  power  of  reaistaiice  even  to  the  prolonged  action  of 
chemical  reagents,  e.  g.,  CauBtic  Soda,  Acetic  Acid,  Sm.  (1.)  Tbeir 
well-defined  outlines.    (3.)  Their  great  tendency  to  braaoh  and 


JV-  as* 


Fig.36.\ 


form  networks  by  anastomosis.  (4,)  They  veiy  often  have  a 
twisted  corkscrew-like  appearance,  and  their  free  ends  uaually  curl 
up     (5.)  They  are  of  a  yellowish  tint  and  very  elastic 

Tarietiee  of  OonneotiTa  Tisaue. 
I.  Gelatinovt,  or  mncoid.     This,  which  is  the  simplest  form  of 
connective  tissue,  constitutes  the  chief  part  of  the  bodies,  of  jelly- 
fish ;  it  is  found  in  many  parts  of  the  human  embryo,  but  remains 
in  the  adult  only  in  the  vitreous  humour  of  the  eye. 


*  Fig.  2S.  Fibrona  tissus  o(  coraea,  ahowing  bundles  of  fibres  with  a.  f«w 
BCHttered  fadfomi  cells  Ijing  in  the  iuter-tucicular  sptces.  x  400.  <Klein 
and  KoUe  Smith.) 

f  Fig.  26.  Elastic  fibres  froin  tbe  ligamsnt*  BubfluTii,  megnified  abont 
300  diameters  (Sharpey). 
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It  out;  be  beat  aeea  in  t2ie  Titreous  bvimour,  the  "  Whartonian 
Jy'of  the  umbJlioJ  cord,  and  the  "enamel organ" of  dereloping 


a  of  oells,  whiob  ia  the  vitreoua  humour  are  rounded, 
the  jeD;  ot  the  nmbUical 

■d  and  in  the  enamel  oi:gaa  p,„  ,,  , 

e  stellate,  imbedded  la  a 
It  semi-difflueut  jelly  like 
teroellnlar  aubEtance  which 
cms  the  bulk  of  the  tissue, 
id  vhich  contains  a  con 
lenble  quantity  of  mucin 

In  tbe  umbilical  cord,  that 
M  of  the  jelly  immediately 
xrcunding  the  stellate  cells 
nmt  marks  of  obscure  fibnl 
tion. 

1.  Wliite  fhrotu  tutue  {fig. 
>}  occurs  ty|Hcally  developed  in  tendons. 

A  tendon  consiiita  essentially  of  bundles  of  white  fibres,  with 
lains  of  cella  among  them.  In  a  very  young  tendon  these  ccUb 
«  of  a  quadrangular  Bh^>e,  and  are  arranged  end  to  end,  forming 

cbiuD  of  cells  in  the  long  axis  of  the  tendon  (fig.  sS) :  these 
Uins  of  cells  partially  enshcoth  the  bundles  of  fibres. 

In  ft  mature  tendon  the  cells  become  branched,  and  though  no 
nger  in  auch  doee  appoeition  aa  before,  they  rem^n  connected  by 

network  of  branched  processes :  this  appearance  is  well  shown 
I  a  transveiBe  section  of  mature  tendon  (Gg.  29).  White  fibrous 
me  occurs  in  the  dura  mater,  periosteum,  fasciie,  ligaments  and 
ndons,  the  stroma  of  serous  membranes,  the  tunics  of  the  eye- 
ill,  and  the  sheaths  of  lymphatic  glands,  &c. 

3.  TeUoto  EUatie  Timue. 

While  tendons,   fasciie,  and  other  inelastic   structures  conalBt 

nost  exclusively  of  white  fibrous  tissue,  clastic  fibres  are  present 

greater  or  leaa  proportion  in  all   forms  of  areolar  connective 


*  Fig.  aj.  TiMueof  thejally  of  'Whutoa  from  nmbilical  cord,  a,  con- 
:tiv«>tiMiw  coipatclea;  b,  (ascicali  of  couuective  tiwae ;  t,  aphorioal 
satin  call*  (Fie;). 
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tissue  which  have  any  appreciable  degree  of  elafiticit;.  If  the 
proportion  of  elastic  fibres  be  increased  so  as  to  fonn  the  balk 
of  the  tissue,  we  have  an  important  variety  of  connective  tissoe 


termed  "yellow  elastic  tissue."  (Fig.  z6.)  This  occurs  in  the 
ligammtum  mtcfuE  of  lower  animals  (not  in  man),  in  the  true 
vocal  cords,  in  the  lignmcnta  subflava,  in  arteries  and  veina, 
especially  the  larger  arteries,  in  the  lungs,  trachea,  and  many 
other  parts  of  the  bod)'. 

Elastic  tissue  occurs  in  various  forms,  from  a  structureless, 
elastic  membrane  to  a  tissue  whose  chief  constituents  are  bundles 
of  elastic  fibres  crossing  each  other  at  different  angles :  these 
varieties  may  be  classified  as  follows : — 

(a)  Fine  elastic  fibrils  which  branch  and  anastomose  to  form  a 
network  :  this  variety  of  elastic  tissue  occurs  chiefly  in  tho  skin 
and  mucous  membranes,  in  subcutaneous  and  submucous  tissue, 
in  the  lungs  and  tnie  vocal  cords. 

(b)  Thick  fibres,  sometimes  cylindrical,  sometimes  flattened  like 


*  Fig.  2S.  Caudal  tendon  of  young  rat,  allowing  the  ammgemenf^  form, 
and  stmctnre  of  the  tendon  cells,      x  300.     (Klein.) 

•f  Fig.  29.  TrsoBVcreo  section  of  tendon  from  a  cross  section  of  the  t»il  of 
a  rabbit,  showing  sheath,  fibrona  septa,  and  branched  counective-tisme  cor- 
pnsclea.  The  spaces  left  white  in  the  drawing  represent  the  tendinons  fibres 
"on.      X350.     (Klein.) 
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tape,  vhich  branch  and  fonn  a  netwoi^ :  thefw  ore  seen  most 
typically  in  the  ligamenta  subflaya  and  also  in  the  ligamentum 
nnchsD  of  such  anirrmln  as  the  ox,  in  which  it  is  largely  developed, 
(c)  Elastic  membranea  with  perforations,  e.g.,  Henle's  fenestrated 
membrane :  this  variety  is  found  chiefly  in  the  arteries  and 
vein.". 

{d)  ContinDooB,  homogeneous  elastic  membmnes,  e.g.,  Bowman's 
taterior  elsatic  lamina,  and  Descemet's  poBterior  elastic  lamina, 
both  in  the  cornea. 

4.  Areolar  tUtue  consbts  of  cells,  and  white  and  yellow  fibres 
in  Tarious  proportions  ;  its  clnaticity  depending,  of  course,  upon 
the  elastic  fibres  which  it  contains.  When  treated  with  acetic 
tcid,  the  iaaciculi  of  white  fibres  iu  areolar  tissue  swell  up  and  loac 
tlieiT  Rbrillar  appearance,  becoming  clear  and  transparent ;  while 
the  nnclei  and  yellow  elastin  fibres  come  more  plainly  into  view. 
Itoccura  in  the  submucons  and  subcutaneous  tissues  and  in  the 
■tiama  of  the  mucous  mem- 

bnmw  and  the  true  skin,  and  '"''?■  3°" 

^unsii  the  loose  tissue  which 
eoMwcts     together     vessels, 
DXBcles,  nerves,  glands,  <^. 
J.  Sdiform. 

This  is  a  special  variety  of  "— ^ 
connective  tissue,  consisting 
rf  t  very  delicate  network  of 
loioate  fibrils,  formed  origi- 
mllj  by  the  union  of  pro- 
cwes  of  branched  connective- 
tinoe  corpuscles  the  nuclei 
of  which,  however,  are  visible 

only  during  the  early  periods  of  development  of  the  tissue  (fig.  30). 
It  composes  the  stroma  of  the  spleen  and  lymphatic  glands.  A 
rery  delicate  variety  of  connective  tissue,  allied  to  the  retiform, 
and  sometimes  termed  neuroglia,  forms  the  supporting  tissuo 
in  the  brain,  spinal  cord,  and  retina. 


*  Fig.  30.  T^nsrerae  section  of  macous  membninB  of  intestine,  a, 
liebetkiilm's  ^ud  ;  e,  and  d,  retifonn  tisane  containing  lympli>corpu>clea 
(Fi-jV 


Fig. 


splitting,  giving  rise  to  fibres  arran^ 
lacing  networks  (areolar  tissue),  in  t 
(white  fibrous  tissue)  :  the  nuclei,  su 
the  protoplasm  of  the  original  cell,  r< 
fibres.     In  the  mature  forms  of  purel 
remnants  of  the  cell-substance,  but  ev 
The  embryonic  tissue,  from  which 
is  composed  of  fusiform  ceUs,  and 
substance  by  the  gradual  fibrillation 
formed.    The  fusiform  cells  dwindle 
appear  so  completely  that  in  matun 
of  them  is  to  be  found :  meanwhile 
increase  in  size. 
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DOQDecting   t<^tber   the   Tarious   tissaea   and  oi^ana   of    the 
body. 

In  g^aiuU  the  trabecuUe  of  connective  tissue  form  an  inter- 
itiUal  fcamewoA  in  which  the  parenchyma,  or  secreting  gland- 
tene  is  lodged :  in  muscles  and  nerres  too,  the  septa  of  connec- 
tire  ti»ae  vhich  nm  between  the  bundles  of  fibres  support  these 
vbich  ^af  tbe  active  parts. 

Elastic  tissue,  b7  virtuo  of  its  elasticity,  has  other  important 
QKS :  these,  again,  are  mechanical  rather  than  vital.  Thus  the 
%tmentum  nnchn  of  the  borse  or  ox  acts  veiy  much  us  an 
bdiii-rubber  band  in  the  same  position  would.  It  maintains 
tlw  head  in  a.  proper  position  without  any  muscular  exertion ; 
ud  vheu  the  head  has  been  lowered  by  the  action  of  the 
flaor  muscles  of  the  neck,  and  the  ligamentom  nuchse  thus 
ttretdied,  the  head  is  brought  up  again  to  its  normal  position 
I7  the  relaxation  of  the  fiexor  muscles  which  allows  tho  elasticity 
of  tlw  ligamentum  nuchse  to  come  again  into  play. 
6.  MipoK  Twue. 

Id  ahnoat  all  r^ons  of  the  human  body  a  larger  or  smaller 
cpuitity  of  adipose  or    fatty   tissue 
"•paent ;  the  chief  exceptions  being  j^_  ,2  • 

tbe  subcutaneous  tissue  of  the  eye- 
lidB,  penis,  and  scrotum,  the  uymphte, 
ud  the  cavity  of  the  cranium.  Adi- 
POM  tiuue  is  also  absent  from  the 
ntbitBnce  of  many  organs,  as  tbe 
ioBgi,  liver,  and  others. 

Fatty  matter,  not  in  the  form  of 
idiitinct  tissue,  is  also  widely  present 
in  the  body,  as  the  fat  of  the  liver 
utd  brain,  of  tho  blood  and  chyle,  ice. 

Adipose  tisane  is  almost  always  found  seated  in  areolar  tissue, 
■nd  forms  in  its  meshes  little  masses  of  unequal  size  and  irregular 
shqw,  to  which  the  term,  lobulei,  is  commonly  applied. 

Under  the  microscope  it  is  found  to  consist  eBseutioUy  of  little 
veudes  or  cells  which  present  dark,  sharply  defined  edges  wheu 
viewed  with  transmitted  light :  they  ore  about  -^j,  or  j  j^  of  an 


>  FiK.  3a.    OrdiBMyf>t«»llsofafattTutinthiioiiientaiitof«iat(£leiii). 
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inch  in  diameter,  each  composed  of  a  BtractureleBS  and  colomfaH 

F-Vj.  33" 


membrane  or  bag,  filled  with  fatty  matter,  which  is  liquid 


life,  but  in  part  solidified  after  death  (fig.  32).   A  nucleus  is  always 

*  Fig.  33.  Group  of  rat-cells  (;o)  with  capillar;  blood. Tessclii  (c)  (Noble 
Smith). 

t  ^iS-  34-  Blood-Tessels  of  Tat  a.  Minute  flattened  fat-lobule,  in  which 
the  tbbmIb  only  are  rcpresentod.  a,  the  terminal  arteiy  ;  v,  the  primitire 
vein  ;  b,  the  fat-vedclea  of  one  border  of  the  lobule  separately  represeiit«d. 
X  100.  B.  riau  of  the  arrangement  of  the  capillaries  (c)  on  the  exterior  U 
the  Tedclei :  more  highly  nugnified  (Todd  and  Bowman). 
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preseut  in  some  part  or  other  of  the  cell-vall,  but  in  the  ordinary 
condition  of  the  cell  it  ia  not  easily  or  alwaja  visibla 

This  membrane  and  the  nucleus  can  generally  be  brought  into 
new  by  staining  the  tissue :  it  can  be  still  more  satisfactorily 
demonstrated  hy  extracting  the  contents  of  the  &t-ceUs  by  ether, 
Rhen  the  shrunken,  shriTcUed  membranes  remain  behind.  By 
mutual  pressure,  iat-cells  come  to  assume  a  polyhedral  figure 
(fig.  33)- 

The  ultimate  ceDa  are  held  together  by  capillary  blood-Tessels 
(fig.  3+) ;  while  the  Httle  dusters  thus  formed  are  grouped  into 
gnoall  masses,  and  held  so,  in  moat  cases,  by  areolar  tissue. 

Ihe  oily  matter  contained  in  the  cells  is  composed  chiefly  of 
the  compounds  of  fatty  acids  with  glycerin,  which  are  named 
olein,  stearin,  and  palmitin. 

Xevelopment  of  Adipose  Tissue. — Fat-cells  are  developed 
gfoia  comiectiTe-tisaue  corpuscles  :  in  the  infraorbital  connective' 
i'iff-  3S-* 


■Woe  cells  nay  be  fiHmd  exhlbitmg  every  mtermediate  gradation 
'*'>een  an  ordinary  branched  connective  tissue  corpuscle  and  a 

1^  35.  A  lobuli  of  dsvelopiDg  adipose  timte  from  an  eight  niontha' 
'"U  a.  Spherical,  or  from  plcsmre,  polyhedral  cella  with  laigs  ceDtral 
jiKlMi,  iBiTDniMlBd  hj  *  finelj  radcnlated  aabstaace  staiiiing  uniToTmlj  with 
"iMlniylin.  b.  Similar  cells  with  spaces  from  which  the  fat  has  been  re* 
*io*id  by  oil  of  cloves,  e.  Similar  cells  showing  how  the  nnclen*  with  en- 
daing  pratOfJaMn  U  b«dng  prened  towards  periphery,  d.  Nocleos  of  endo- 
tlidiiiBi  of  inveating  cstnllariefl,     (McCarthy.)    Drawn  by  Ur.  F.  TreTSS, 
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mature  fat-cell.     The  process  of  dcyelopment  is  as  follows :  a  few 
small  drops  of  oil  make  their  appearance  in  the  protoplasm :  bj 
their    confluence   a    larger    drop   is    produced    (fig.   36):   Has 
gradually  increases  in  size  at  the  expense  of  the  original  pro- 
toplasm of  the  cell,  which  becomes  correspondingly  diminished  in 

Pig.  36* 


quantity  till  in  the  mature  cell  it  only  forms  a  thin  crescentic  fil**^ 
closely  pressed  against  the  ceU-wall,  and  with  a  nucleus  imbedd^^^ 
in  its  substance  (figs.  35  and  36). 

Under  certain  circumstances  this  process  may  be  reversed  an<^ 
fat-cells  may  be  changed  back  into  connective-tissue  corpuscles 
(Kolliker,  Virchow). 

The  Uses  of  Adipose  Tissue. — Among  the  uses  of  adipose 
tissue,  these  are  the  chief : — 

a.  It  serves  as  a  store  of  combustible  matter  which  may  be  re- 
absorbed into  the  blood  when  occasion  requires  and,  being  burnt, 
may  help  to  preserve  the  heat  of  the  body. 

b.  That  part  of  the  fat  which  is  situate  beneath  the  skin  must, 
by  its  want  of  conducting  power,  assist  in  preventing  undue  waste 
of  the  heat  of  the  body  by  escape  from  the  surface. 

c.  As  a  packing  material,  fat  serves  very  admirably  to  fill  up 
spaces,  to  form  a  soft  and  yielding  yet  elastic  material  wherewith 
to  wrap  tender  and  delicate  structures,  or  form  a  bed  with  like 
qualities  on  which  such  structures  may  lie,  not  endangered  by 
pressure. 


*  Fig.  36.    Branched  coonective-tissuo  corpuscles,  developing  into  fat-cells 
(Klein). 
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As  good  examples  of  situations  in  which  fat  serves  such  pur- 
poses may  he  mentioned  the  palms  of  the  hands  and  soles  of  the 
feet,  and  the  orhits. 

d.  In  the  long  bones,  &tty  l^ssue,  in  the  form  known  as  yellow 
marrow,  fills  the  medullary  canal,  and  supports  the  small  blood- 
vessels which  are  distributed  from  it  to  the  inner  part  of  the  sub- 
stance of  the  bone. 

7.  Cartilage. — Cai-tilage  or  gristle  exists  in  different  forms  in 
the  human  body,  and  has  been  classified  under  two  heads,  namely, 
temporary  and  permanent  cartilage ;  the  former  term  being  applied 
to  that  kind  of  cartilage  which,  in  the  foetus  and  in  young  subjects, 
is  destined  to  be  replaced  by  bone.     It  may  also  be  classified 
according  to  its  histological  characters  under  three  heads,  cellular, 
hyaline,  and  flrous,  the  last  being  again  capable  of  subdivision  into 
two  kinds — elastic  or  yellow  cartilage,  and  the  so-dUled  fibro- 
cartilage.     Elastic  cartilage,  however,  contains  fibres,  and  fibro- 
cartilage  is  more  or  less  elastic ;  it  will  be  well,  therefore,  for  dis- 
tinction's sake,  to  term  those  two  kinds  white  fibro-cartilage  and 
yellow  fibro-cartilage  respectively. 

The  accompanying  table  represents  the  classification  of  the 
varieties  of  cartilage  : — 

/  I.  Temporary  ...    (Either  Cellular  or  Hyaline), 
p                J  f  A.  Cellular  (not  present  in  man). 

^   S*^-  1  2.  Permanent  ...  j  B.  Hyaline        ^^^  fibro-cartilage. 
V  I C.  Fibrous ...  j  Yellow  fibro-cartilage. 

All  kinds  of  cartilage  are  composed  of  cells  imbedded  in  a 
substance  called  the  matrix:  and  the  apparent  differences  of 
structure  met  with  in  the  various  kinds  of  cartilage  are  moro 
due  to  differences  in  the  character  of  the  matrix  than  of  the  cells. 
Among  the  latter,  however,  there  is  also  considerable  diversity  of 
form  and  size. 

With  the  exception  of  the  articular  variety,  cartilage  is  invested 
by  a  thin,  but  tough  firtn  fibrous  membrane  called  the  perichondrium. 
On  the  surface  of  the  articular  cartilage  of  the  fcQtus,  the  peri- 
chondrium is  represented  by  a  film  of  epithelium ;  but  this  is 
gradually  worn  away  up  to  the  margin  of  the  articular  surfaces, 
when  by  use  the  parts  begin  to  suffer  friction. 
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^'S-  37.* 


A.  Cellular  or  parendtymatous  cartilage  may  be  readily  obUuned 
from  the  external  oar  of  rata,  mice,  or  other  small  mammals.  It 
is  composed  almost  entirely  of  cells  (heDc«  its  name),  with  little  or 
no  matrix.  The  latter,  when  preaeut,  consists  of  veiy  fine  fibreg, 
which  twine  about  the  cells  in  various  directions,  and  enclose  tfaem 
iu  a  kind  of  network. 

The  cells  are  packed  very  closely  toother — so  much  ao  that  it 
is  not  easy  in  all  cases  to  make  out  the  fine  fibres  often  encircling 
them. 

Cellular  cartilage  is  found  in  the  human  subject  only  in  early 
festal  life,  when  it  constitutes  the  Chorda  dorsalis.  {See  chapter 
ou  Generation.) 

B.  Ifj/aline  cartilage  is  met  with  largely  in  the  human  body  ;— 
investing  the  articular  ends  of 
bones,  and  forming  the  costal  carti- 

,.^,*....      w>.,-^,v.i--^       ^    lages,  the  nasal,  and  those  of  the 
(S^7  n  G?  0  ^^    _'■,   larynx  with  the  csception  of  the 
'=  J  — «  opiglottia  and   comicula   laryngis. 

The  cartilages  of  the  trachea  and 
bronchi  .iro  also  hyaline.  Like 
other  cartilages  it  is  composed  of 
cells  imbedded  in  a,  matrix. 

The  cells,  which  contain  a  nucleus 
with  nucleoli,  are  im^ular  in  shape, 
and  generally  grouped  together  ia 
patches  {fig.  37).  The  patches 
arc  of  various  shapes  and  sizes,  and 
placed  at  unequal  distances  apart. 
They  generally  appear  fiattened  near  the  free  surface  of  the  mass 
of  cartilage  in  which  they  are  placed,  and  more  or  less  perpen- 
dicular to  the  surface  iu  the  morenleeply  seated  portiona 

The  matrix  of  hyaline  cartilage  may  have  a  dimly  granular 
appearance  like  that  of  ground  glass,  but  in  man  and  the  higher 
nuimals  it  has  no  apparent  structure.  In  some  cartilages  of  the 
frog,  however,  even  when  examined  in  the  fresh  state,  the  matrix 


•  Fig.  37.  OrdEnary  hyRlinc  cartilage  from  trachea  of  a  child.  The  carti- 
lage cetta  are  oncloecd  BJnglj  or  in  pairs  iu  a  capsuJe  of  hyaliuo  subatance. 
K  150  diams.    (Eleia  and  Noble  Smith.) 
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is  seen  to  be  mapped  out  into  poIygoD&l  blocks  or  oeU-territories, 
each  contaming  &  cell  in  the  centre,  luid  representing  what  ig 
generally  called  the  capsule  of  the  cartilage  cells  (fig.  38).  Hya- 
^  cartilage  in  man  has  really  th«  same  etructure,  which  can  ba 


Fig.  38.* 


deiaoiistrated  by  the  use  of  certain  reagents.  If  a  piece  of  human 
hytline  cartilage  be  macerated  for  a  long  time  in  dilute  acid  or  in 
bot  »ater  35' — 40°  C,  the  matrix,  wbicb  fprevioualy  iippoared 
initc  homogeneous,  is  found  to  be  resolved  into  a  number  of  con- 
centric Imuellffi,  like  the  coats  of  an  onion,  arranged  round  each 
^D  tir  group  of  cells.  It  is  thus  shown  to  consist  of  nothing  but 
«  ntnnber  of  large  sjBtems  of  capsules  which  have  become  fused 
^  one  another. 

^  cavities  in  the  matrix  in  which  the  cells  lie  are  connected 
'"^tlier  by  a  series  of  branching  canals,  very  much  resembling 
tboae  in  the  cornea :  through  these  canals  fluids  may  make  their 
*S7  into  the  depths  of  the  tissue. 

In  Uie  hyaline  cartilage  of  the  ribs,  the  cells  are  mostly  larger 
thin  in  the  articular  variety,  and  there  ia  a  tendency  to  the 
development  of  fibres  in  the  matrix.  The  costal  cartilages  also 
fieqaently  become  calcified  in  old  age,  as  also  do  some  of  those  of 
lielaiynx. 
Temporary  hyaline  cartilage  closely  resembles  the  ordinary 


*  Fig.  38.    FiMh  eutilige  from  the  Tritoa  {A.  KoUett). 
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hyaliue  kind ;  the  cells,  however,  are  not  grouped  together  after 
the  fasliion  just  described,  but  are  more  uniformly  distributed 
throughout  the  matrix. 
Hyaline  cartilage  la  reckoned  among  the  CKHsalled  non-vaiailar 
structures,  no  blood-vesaelB  being 
Fl-j.  39.*  supplied  directly  to  its  own  sub- 

stance ;  it  is  nourished  by  those  of 
the  bone  beneatli.    When  hyaline 
cartilage  is  in  thicker  masses,  as 
in    the  case  of  the  cutilages  of 
the  ribs,  a  few  blood-vessels  tra- 
verse its  sobetance.     The  distinc- 
tion, however,  between  all  so-called 
vatcular  and  ntm^vatailar  parts,  is 
at  the  best  a  very  artificial  one. 
Nerves  arc  probably  not  supplied  to  any  variety  of  cartilage. 
C.  Fibrout  cartilage,  as  before  mentioned,  occurs  under  two  chief 
forms,  (n)  the  yellow,  and  (b)  the  white,  fibro-cartilage. 

(n.)  Yellow  fibro-cariilage  is  found  in  the  external  ear,  in  the 
epiglottis  and  coruicula  laryngis,  and  in  the  £ufitachiaD  tube. 

The  cells  ore  rounded  or  oval,  with  well-marked  nuclei  and 
nucleoli  (fig.  39}.    Tho  matrii  in  which  they  are  seated  is  com- 
posed almost  entirely  of  fine 
Fl'j.  40.+  elastic  fibres,  which  form  an 

intricnto  interlacement  about 
'-r— Vr—  -  :-__<>^-^:.^^,'^^^-— -.  tho  cells,  and  in  their  general 
■  characters  are    allied    to    the 

:— "-■^'      ,—..—,_«.     ~j~'     yejjQ^  variety  of  fibrous  tis- 

f  -   ..  ■■ ,.  __:--s^       aue  :    a    small    and    variable 

,..^_.  _^  .^.'    ". ^_^, _i^       quantity  of   hyaline    intercel- 
lular substance  is  also  usually 
present, 
(6.)  White  fibro-cartilage  (fig,  40),  which  ia  much  niore'widely. 
distributed  throughout  the  body  than  the  foregoing  kind,  is  com- 


*  '■'il?'  39'     Section  of  the  Epiglottis  (Bely). 

f  Fig.  40.  Tranaverse  sectioa  through  the  intervertebral  cartilaj:{«  of  tail 
of  ijiotisv.  shelving  lamellie  of  fibrous  tissue  with  rartiluge  cellfl  orrangetl  iu 
rovrs  between  them.  The  cells  are  seen  in  profile,  uid  being  Battened,  appoir 
■tall-ehnped.    Each  cell  lien  in  a  capsule.     x35a    (Klein  and  NoUe  Smith.) 
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i[)osedy  like  it^  of  cells  and  a  matrix ;  the  latter,  however,  being 
made  up  almost  entirely  of  fibres  closely  resembling  those  of  white 
fibrous  tissue. 

In  this  kind  of  fibro-cartilage  it  is  not  imusual  to  find  a  great 
part  of  its  mass  composed  almost  exclusively  of  fibres,  and  de- 
riving the  name  of  cartilage  only  from  the  fact  that  in  another 
lK>rtion,  continuous  with  it,  cartilage  cells  may  be  pretty  freely 
distributed. 

The  different  situations  in  which  white  fibro-cartilage  is  formed 
have  given  rise  to  the  following  classification : — 

1.  Inter-articular  fibro-cartilage,  e.^.,  the  semilunar  cartilages  of 
-the  knee-joint. 

2.  Circumferential  or  marginal,  as  on  the  edges  of  the  aceta- 
l)iilmn  and  glenoid  cavity. 

3.  Connecting^  c.^.,  the  inter-vertebral  fibro-cartilages. 

4*  Fibro-cartilage  is  found  in  the  sheaths  of  tendons  and  some- 
"times  in  their  substance.  In  the  latter  situation,  the  nodule  of 
^bro-cartUage  is  called  a  sesamoid  fibro-cartilage,  of  which  a 
specimen  may  be  found  in  the  tendon  of  the  tibialis  posticus,  in 
^e  sole  of  the  foot,  and  usually  in  the  neighbouring  tendon  of  the 
"peroneus  longus. 

The  Uses  of  Cartilage. — The  uses  of  cartilage  are  the  follow- 
ing : — in  the  joints  to  form  smooth  siufaces,  reduciog  friction  to  a 
minimum,  and  to  act  as  a  buffer  in  shocks ;  to  bind  bones  together, 
yet  to  allow  a  certain  degree  of  movement,  as  between  the  ver. 
tebrse;  to  form  a  firm  framework  and  protection,  yet  without 
undue  stifihess  or  weight,  as  in  the  pinna,  larynx  and  chest  walls  • 
to  deepen  joint  cavities,  as  in  the  acetabulum,  yet  not  so  as  to 
restrict  the  movements  of  the  bones ;  to  be,  where  such  qualities 
ure  required,  firm,  tough,  flexible,  elastic,  and  strong. 

In  the  foetus,  cartilage  is  the  material  of  which  the  bones  arc 
first  constructed ;  the '  model '  of  each  bone  being  laid  down,  so  to 
speak,  in  this  substance. 

Development  of  Cartilage* — Cartilage  is  developed  out  of 
an  embryonal  tissue,  consisting  of  cells  with  a  very  small  quantity 
of  intercellular  substance  :  the  cells  multiply  by  fission  within  the 
cell-capsules  (fig.  6) ;  while  the  capsule  of  the  parent  cell  becomes 
gradually  fused  with  the  surrounding  intercellular  substance. 

A  repetition  of  this  process  in  the  young  cells  causes  a  rapid 
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growth  of  the  cartilage  by  the  multiplication  of  its  cellular  elements 
and  corresponding  increase  in  its  matrix. 

8.  Bone. 

Chemioal  Composition. — Bone  is  composed  of  earthy  and 
animal  matter  in  the  proportion  of  about  67  per  cent,  of  the 
former  to  33  per  cent,  of  the  latter.  The  earthy  matter  is  com- 
posed chiefly  of  calcium  phosphate,  but  besides  there  is  a  small 
quantity  (about  1 1  of  the  67  per  cent.)  of  carbonate  and  fluoride 
of  calcium,  and  magnesium  phosphate. 

The  animal  matter  is  resolved  into  gelatin  by  boiling. 

The  earthy  and  animal  constituents  of  bone  are  so  intimately 
blended  and  incorporated  the  one  with  the  other,  that  it  is  only  by 
chemical  action,  as,  for  instance,  by  heat  in  one  case,  and  by  the 
action  of  acids  in  another,  that  they  can  be  separated.  Their 
close  union,  too,  is  further  shown  by  the  fact  that  when  by  acids 
the  earthy  matter  is  dissolved  out,  or,  on  the  other  hand,  when 
the  animal  part  is  burnt  out,  the  shape  of  the  bone  is  alike 
preserved. 

The  proportion  between  these  two  constituents  of  bone  varies 
in  dififerent  bones  in  the  same  individual,  and  in  the  same  bone 
at  different  ages.  Thus,  the  petrous  portion  of  the  temporal 
bone  contains  about  the  largest,  and  the  sternum  and  scapula 
about  the  smallest  proportion  of  earthy  or  inorganic  matter: 
while  the  comparatively  flexible  bones  of  a  child  contain  a  some- 
what smaller  proportion  of  earthy  matter  than  the  relatively  brittle 
bones  of  the  old  man.  The  difference,  however,  between  the  bones 
of  children  and  of  adults  is  one  much  more  of  compactness  of 
texture  than  of  relative  quantities  of  organic  and  inorganic  con- 
stituents. 

Structure. — To  the  naked  eye  there  appear  two  kinds  of  struc- 
ture in  different  bones,  and  in  different  parts  of  the  same  bone, 
namely,  the  dense  or  compact^  and  the  cancellmis  tissue. 

Thus,  in  making  a  longitudinal  section  of  a  long  bone,  as  the 
humerus  or  femur,  the  articular  extremities  are  found  capped  on 
their  surface  by  a  thin  shell  of  compact  bone,  while  their 
interior  is  made  up  of  the  spongy  or  cancellous  tissue.  The  sliaft^ 
on  the  other  hand,  is  formed  almost  entirely  of  a  thick  layer 
of  the  compact  bone,  and  this  surrounds  a  central  canal«  the 
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vudvilary  cavity— so  called  from  its  containing  the  medulla  or 


In  the  9s.t  bones,  as  the  parietal  bone,  or  the  scapula,  one  layer 
of  the  cancellouB  structure  lies  between  two  layers  of  the  compact 
tissue,  and  in  the  short  and  irregular  bones,  as  those  of  the  carput 
and  tanut,  the  caocellouB  tissue  alone  fills  the  interior,  while  a 
tliin  shell  of  compact  bone  forms  the  outside. 

Ksrrow. — There  are  two  distinct  Tarieties  of  marrow — the  red 
ud  ytllov!. 

Red  marrow  is  that  variety  which  occupies  the  spaces  in  the 

Fig.  41.* 


caacellous  tissue :  it  is  highly  vascular  and  thus  maintains  the 
notrition  of  the  spongy  bone,  the  interstices  of  which  it  fills.  It 
contains  a  few  Eat-cells  and  a  large  number  of  maiTow.celIs,  mauy 
(^  which  arc  undistinguishable  from  lymphoid  corpuscles.    Among 

•  Pi(t.  41.  Transrerse  Mction  of  compact  tissue  (of  hamems).  Three  of 
the  Uaveraian  cauali  are  etea,  mth  their  concentric  rings ;  also  the  cor- 
piucles  or  Isciuiie,  with  the  coniJiculi  extending  from  them  acrow  the  dine- 
tion  of  the  lamells.  The  HareniaD  apertures  had  got  filled  with  debris  in 
grinding  down  the  section,  and  therefore  appear  black  in  the  fignre,  which 
tepreaenti  the  olgect  as  viewed  with  transmitted  light.  The  Haversian 
•jitema  ale  ao  closelj  packed  in  this  section,  that  scarcely  any  intaatHiaX 
iMielhe  are  ntible.     x  150.     [Stharpej.) 
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them  are  some  nucleated  colls  of  very  much  the  same  tint  as 
coloiu-ed  blood-corpuscles.  There  are  also  a  few  large  cells  with 
many  nuclei,  termed  "  giant-cells  **  (myeloplaxes). 

Yellow  marrow  fills  the  medullary  cavity  of  long  bones,  and 
consists  chiefly  of  fatrcells  with  numerous  blood-vessels :  many  of 
its  cells  also  arc  in  every  respect  similar  to  lymphoid  corpuscles. 

Periosteum  and  Nutrient  Blood-vessels. — The  surfiices 
of  bones,  except  the  parts  covered  with  articular  cartilage,  are 
clothed  by  a  tough,  fibrous  membrane,  the  pertostrum :  and  it  is 
from  the  blood-vessels  which  are  distributed  first  in  this  mem- 
brane, that  the  bones,  especially  their  more  compact  tissue,  are 
in  great  part  supplied  with  nourishment, — minute  branches  fix)m 
the  periosteal  vessels  entering  the  little  foramina  on  the  surface  of 
the  bone,  and  finding  their  way  to  the  Haversian  canals,  to  be 
inmiediately  described.  The  long  bones  are  supplied  also  by  a 
jiroper  nutrient  artery,  which,  entering  at  some  part  of  the  shaft 
so  as  to  reach  the  medullary  canal,  breaks  up  into  branches  for 
the  supply  of  the  marrow,  from  which  again  small  vessels  are  dis- 
tributed to  the  interior  of  the  bone.  Other  small  blood-vessels 
pierce  the  articular  extremities  for  the  supply  of  the  cancellous 
tissue. 

MioroBCopie  Structure  of  Bone. — Notwithstanding  the  dif- 
ferences of  arrangement  just  mentioned,  the  structure  of  all  bone 
is  found,  under  the  microscope,  to  be  essentially  the  same. 

Examined  with  a  rather  high  power  its  substance  is  found  to 
contain  a  multitude  of  little  irregular  spaces,  approximately 
fusiform  in  shape,  called  lacunas,  with  very  minute  canals  or 
canaf>iculi,  as  they  are  termed,  leading  from  them,  and  anasto- 
mosing with  similar  little  prolongations  from  other  lacuna)  (fig.  41). 
In  very  thin  layers  of  bone,  no  other  canals  than  these  may  be 
visible  ;  but  on  making  a  transverse  section  of  the  compact  tissue 
as  of  a  long  bone,  c.<7.,  the  humerus  or  ulna,  the  airangement  shown 
in  fig.  41  can  be  seen. 

The  bone  seems  mapped  out  into  small  circular  districts,  at  or 
about  the  centre  of  each  of  which  is  a  hole,  and  around  this  an  ap- 
pearance as  of  concentric  layers — the  lacunoe  and  canaliculi  following 
the  same  concentric  plan  of  distribution  around  the  small  hole  in 
the  centre,  with  which,  indeed,  they  communicate. 

On  making  a  longitudinal  section^  the  central  holes  are  found 


to  be  aimpl;  the  cut  extremitieB  of  small  canals  which  run 
■  \aigthviBe  through  the  bone,  anastomoBiug  with  each  other  by 
lUentl  branches  (fig.  42), 

and  are  called  Haversian  pig_  ^^  • 

muIb,  after  the  name  of 
th«  physician,  Clopton 
flaTers,  who  first  accu- 
ratelj  described  them. 
Tix  H&Tersion  canals,  the 
arerage  diameter  of  which 
^  liiF  '^  '^^  inch,  contain 
blood  -  vessels,  and  b  j- 
ntaa  of  them,  blood  is 
onnyed  to  all,  even  the 
Jenaest  parts  of  the  bone ; 
tlu  minute  canaliculi  and 
lacntuB  absorbing  nutrient 
""tterfrom  the  Haversian 
Mood-vessels,  and  convey- 
ing it  EtDl  more  intimately 
to  the  very  substance  of  the 
wne  which  they  traverse. 

%i  blood-vcssela  enter  the  Haversian  canals  both  from  without, 
'7  traveraing  the  small  holes  which  exist  on  the  surface  of  all 
''t^m  beneath  the  periosteum,  and  from  within  by  means  of  small 
'Ittnnels,  which  extend  from  the  medullary  cavity,  or  from  the 
cancellous  tissue. 

According  to  Todd  and  Bowman,  the  arteries  and  veins  usually 
'''Wjpy  separate  canals,  and  the  veins,  which  are  the  larger,  often 
[v^Dt,  at  irregular  intervals,  small  pouchlike  dilatations. 

The  lacuna;  are  occupied  by  branched  cells  (booe-cells,  or  bone- 
™puacles)  (fig.  43),  which  very  eloaely  resemble  the  ordinary 
^■nocbed  connective-tissue  corpuscles  ;  each  of  these  little  masses 
<^  protoplasm  ministering  to  the  nutrition  of  the  bono  immediately 
turrounding  it,  and  one  lacunar  corpuscle  communicating  with 
mother,  and  with  its  surrounding  district,  and  with  the  blood- 


'  Fig.  43.     LoDgitadioal  MCtioa  of  human  olii*,  shoeing  Havenian  canal, 
l^niu^  and  canaliculi  (Rollett). 
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Tesaela  of  the  Haversian  coDals,  by  meena  of  the  i 
of  fluid  nutrient  matter  which  occupy  the  canaliculL 

It  will  be  seen  from  the  above  deBcription  that  bone  la  essen- 
tially connectiTO-tissne  im- 


^'9-  43" 


pregnated  with  lime-salta: 
it  boors  a  very  close  re- 
semblance to  nhat  may  be 
termed  typical  coonective- 
tisBue  euoh  as  the  aubstance 
of  the  cornea.  The  bone- 
corpuacles  with  their  pro- 
cesses occupying  the  locimie 
and  canaliculi  correapond  ex- 
iictly  tothecomea-corpuBolea 
lying  in  branched  apacee; 
while  the  finely  fibriUated 
structure  of  the  bone-la- 
mellte,  to  bo  presently  de- 
scribed, resembles  the  fibril- 
latcd  Bubstanoe  of  the  cornea 
in  which  the  branching  spaces 
lie. 
Lamellte  of  Compaot  Boae. — In  the  shaft  of  a  long  bone 
three  distinct  seta  of  lamella)  can  bo  clearly  recognized. 

(i,)  General  or  fundamental  lamelltc :  which  are  moat  easily 
traceable  just  beneath  the  periosteum,  and  around  the  medullary 
cavity,  forming  around  the  latter  a  aeries  of  concentric  rings.  At 
a  little  distance  from  the  medullary  and  periosteal  Burfacea  (in  the 
deeper  portiona  of  the  bone)  they  aro  more  or  leas  interrupted  by 
(2.)  Special  or  Haveraian  lamella:,  which  are  concentrically 
arranged  around  the  Haveraian  canals  to  the  number  of  aix  to 
eighteen  around  each. 

(3.)  InterstUial  lamellie,  which  connect  the  systems  of  Haver- 
sian lamellte,  filling  the  interspaces  between  them,  and  conse- 
quently attaining  their  greatest  development  where  the  Havetaian 
systems  are  few,  and  vice  vend. 


a  thin  Bection 
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The  ultimate  structure  of  the  lamella  appears  to  be  reticular. 
If  a  thin  film  bo  peeled  off  the  surface  of  a  bone  from  which  the 
earthy  matter  has  been  removed  by  acid,  and  examined  with  a  high 
power  of  the  mictoecope,  it  will  be  found  composed,  according  to 
Shaipey,  of  a  finely  reticular  structure,  formed  apparently  of  very 
Fiy.  45-+ 


F,g   44-' 


:^^ 


>~^.. 
<>^^ 


dmder  fibres  decussating  obliquely,  but  coalescing  at  the  points  of 
iotersection,  as  if  here  the  fibres  were  fused  rather  than  woven 
together  (fig.  44)- 

In  many  places  these  reticular  lamellie  are  perforated  by  tapering 
^bna  (Clariculi  of  GogUardi),  rcsemblii^  in  character  the  ordinary 
*hite  or  rarely  the  elastic  fibrous  tissue,  frhich  bolt  the  neigh- 
'""ting  lamellae  together,  and  may  be  drawn  out  when  the  latter 
M  torn  asunder  (fig.  45).  These  perforating  fibres  originate  fironi 
"■growing  processes  of  the  periosteum,  and  in  the  adult  atill  retain 
tlieir  connection  with  it. 

'  Fig.  44.  Thin  layer  peeled  off  rrom  a  softened  bone.  Tliia  figQre,  whioli 
ii  iattncled  to  represent  the  reticulnr  Btractnre  of  a  lamella,  givea  a  better 
^  of  tbe  object  when  held  rather  farther  oCT  t^mt  canal  from  the  eye.  x  400 
(Sharpey). 

t  Fig.  45.  Lamellae  torn  off  from 'a  decalcified  hnmaD  parietal  bona  at 
Mne  depth  &om  the  nirface.  a,  t,  lamella,  showing  reticular  fibres  ;  b,  b, 
darker  p«rt,  where  leTeril  lamellie  are  superposed  ;  c,  perforating  fibres. 
Apettnrea  throsgji  which  perforatinf;  fibres  hwl  passed,  are  seen  eapedally  in 
the  knnr  put,  a,  a,  of  the  figure  (Allen  Thompson), 
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Development  of  Bone. — From  the  point  of  view  of  their 
dovelopment,  all  boues  may  be  subdivided  iuto  two  claBse& 
'  (a.)  Those  which  are  ossified  directly  in  membrane,  e.g.,  the 
bones  forming  the  vault  of  the  skiill,  parietal,  frontal,  &c. 

(6.)  Those  whose  form,  previous  to  ossification,  is  laid  down  in 
hyaline  cartilage,  e.g,,  humerus,  femur,  <kc. 

The  process  of  development,  pure  and  simple,  may  be  best  studied 
in  bones  which  are  not  preceded  by  cartilages — "membrane- 
bones  "  (tf.^.,  parietal) ;  and  without  a  knowledge  of  this  process 
(ossification  in  memhrane),  it  is  impossible  to  understand  the  much 
more  complex  series  of  changes  through  which  such  a  structure  as 
the  cartilaginous  fcmiur  of  the  fcctus  passes  in  its  transformation 
into  the  bony  femur  of  the  adult  (ossification  in  cartilage). 

The  common  terms  "  ossification  in  cartilage  "  and  "  ossification 
in  membrane  "  are  apt  to  mislead,  since  they  seem  to  imply  two 
processes  radically  distinct.  The  process  of  ossification,  however, 
is  in  all  cases  one  and  the  same,  all  true  bony  tissue  being  formed 
from  membrane  (perichondrium  or  periostemn) ;  but  in  the  develop- 
ment of  such  a  bone  as  the  femur,  which  may  be  taken  as  the  type 
of  so-called  "  ossification  in  cartilage,"  lime-salts  are  deposited  in 
the  cartilage,  and  this  calcified  cartilage  is  gradually  and  entirely 
reabsorbed,  being  ultimately  replaced  by  bone  formed  from  the 
periosteum,  till  in  the  adult  stmcture  nothing  but  true  bone  is 
left.  Thus,  in  the  process  of  "  ossification  in  cartilage,'*  calcificar 
tion  of  the  cartilaginous  matrix  precedes  the  real  formation  of  bone. 
We  must,  therefore,  clearly  distinguish  between  calcification  and 
ossification.  The  former  is  simply  the  infiltration  of  an  animal 
tissue  with  lime-salts,  and  is,  therefore,  a  change  of  chemical  com- 
position rather  than  of  structiure  ;  while  ossification  is  the  formation 
of  true  bone — a  tissue  more  complex  and  more  highly  organized 
than  that  from  which  it  is  derived. 

Ossification  in  Membrane. — The  membrane  or  periosteum 
from  which  such  a  bone  as  the  parietal  is  developed  consists  of 
two  layers — an  external  fibrous,  and  an  internal  cellular  or  oste(h 
genetic 

The  external  one  consists  of  ordinary  connective-tissue,  being 
composed  of  layers  of  fibrous  tissue  with  branched  connective- 
tissue  corpuscles  here  and  there  between  the  bundles  of  fibres. 
The  internal  layer  consists   of  a  network  of  fine   fibrils   with 
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\  large  number  of  nucleated  cells,  some  of  which  are  oval,  others 

dnvn  out  into  a  long  branched  process,  and  others  brauched  :  it  is 

more  richly  supplied  with  capillaries  than  the  outer  layer.  The  rela- 

tiTcly  large  numher  of  its  cellular  elements,  their  variability  in 

■ize  and  shape,  together 

irith   the   abundance  of 

its  blood-vessels,  clearly 

mark  it  out  as  the  portion 

of  the  periofiteum  which 

is  immediately  concerned 
in  the  formation  of  bone, 
lu  such  a  bone  as  the 
parietal,  the  deposition 
of  bony  matter  tikes 
place  inradiatingspiculfe, 
starting  from  a  "centre 
irf  ossifi  cation,"  and  shoot- 
ing out  in  all  directions 

towards  the  periphery ;  while  the  bone  increases  in  thickness  by 
the  deposition  of  successive  layers  beneath  the  periosteum,  Tbo 
finely  fibrillar  network  of  the  deeper  or  oaeogvmiic  layer  of  the 
periosteum  becomes  transformed  into  bone-matrix  (the  minuto 
stmcture  of  which  has  been  already  (p.  75)  described  as  reticular), 
ud  its  cells  into  bone-corpuscles.  On  the  young  bony  trabecule 
thus  formed,  fresh  layers  of  cells  (osteoblasts)  &om  the  osteo- 
genetic  layer  arrange  themselves  side  by  side,  lining  the  irregular 
qiaces  like  an  epitheUum  (fig.  46,  &).  Lime-salts  are  deposited  in  the 
enter  part  of  each  osteoblast,  and  thus  a  ring  of  osteoblasts 
gives  rise  to  a  rii^  of  bone  with  the  remaining  uncalcified  portion 
of  each  osteoblast  imbedded  in  it  aa  a  bone-corpuscle  (fig.  46). 

Thus,  the  primitive  spongy  hone  is  formed,  whose  irregular 
Inanching  spaces  are  occupied  by  processes  from  the  osteogcnetic 
layer  of  the  periosteum  with  numerous  blood-vessels  and  osteo- 
blasts. Portions  of  this  primitive  Spongy  bone  are  re-absorbed ; 
the  osteoblasts  arranging  themselves  successively  in  layers  and 
pving  rise  to  concentric  Haversian  lamella:  of  bone,  until  the 

•  Fig,  46.  OaWbUsts  from  the  parietal  bono  of  a  hnman  embrro,  thirtocti 
wwkl  old.  (I,  boDy  Bepta  with  the  celb  of  the  lacunre  ;  6,  Inj-era  of  osteo- 
Unti ;  t,  the  latter  in  tnnution  to  bone  coipasclcs.     (GegenbaUT.) 
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irregular  space  in  the  centre  ia  reduced  to  a  well-formed  Havcrsiui 
caual,  the  portions  of  the    primitive  spongy  bone    betveeu  tbs 
Haversian    systems  remaiit- 
Fiff.  47.*  ing  aa  inttrttitial  or  ground- 

lamellcc  (p.  74),  The  bulk 
of  the  primitive  spongy  bono 
is  thus  gradually  converted 
into  compact  bony -tissue  with 
Haversian  cauals.  Those 
portions  of  the  in-growths 
from  the  deeper  layer  of  the 
periosteum  which  are  not 
converted  into  bone  remain 
in  the  spaces  of  the  can- 
cellous  tissue    as    the    red 


Ossifloatioa  in  Carti- 
lage.— Under  this  heading 
taking  the  femur  as  a  typcal 
example,  we  may  conmder 
tlie  process  by  which  tbtt 
solid  cartilaginous  rod  whicb 
represents  it  in  the  fetns  is 
converted  into  the  hollow 
cylinder  of  compact  bony 
tissue  with  eipanded  ends  of  cancellous  texture  which  forms  the 
adult  femur;  bearing  in  mind  the  fact  that  this  foetal  cartilnginonB 
femur  is  many  times  smaller  than  the  medullary  cavity  in  the 
shaft  of  the  mature  bone,  and,  therefore,  that  not  a  trace  of  the 
original  embryonic  cartUage  can  be  present  in  the  femur  of  the 
adult.  Its  purpose  ia  indeed  purely  temporaiy;  and,  after  its 
calcification,  it  is  gradually  and  entirely  reabsorbed  as  will  be 
presently  explained. 

The  cartilaginous  rod  which  forms  the  fcotal  femur  is  sheathed 
in  a  membrane  termed  the  perichondrium,  which  so  tax  resembles 


*  Fig.  47.  From  tntnsvetse  section  tlirongh  part  of  ffetal  jnw  near  tha 
extreme  periosteuni,  in  tlie  stage  of  apougy  Imne.  p.  fibrous  layer  of  perios- 
teum ;  b,  osteogenetic  layer  of  periosteum  ;  0,  osteoblasts  ;  e,  oaseoua  inib- 
gtancf,  containing  many  bone  corpuscles,      k  300.     (ScboGeld.) 
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the  perioateum  described  above,  that  it  consiatB  of  two  layers  in 
the  deeper  one  of  which  apheroidal  cells  predomioate  and  blood- 
vessds  abound,  while  the  outer  layer  conaists  mainly  of  fusiform 


Tig.  48.  TnuwTf  rae  section  througli  the  tibia  of  a  fi^tal  kitten,  terai- 
'''^mnnutic.  v  60.  P,  periosteum.  O,  ostragenetic  layer  of  thn  pcrios- 
I'M,  (hoirinjt  the  OBteoblastB  arranged  aide  hy  side,  represented  as  [icar- 
duped  black  dots  on  the  rarface  of  the  newlj-formed  bone.  B,  the  periosteal 
^  depoated  in  anccesdve  lajers  beneath  the  perioatenm  and  ensheathing 
K  tbe  apongf  endochondral  bone  ;  represented  aa  mote  deeply  shaded. 
Within  the  trabecahe  of  endocbondrol  spongy  lione  are  seen  tlis  remains  of 
tie  caldGed  cartilage  tnbecnls  represented  as  dark  wary  lmeE<.  C,  tho 
'  mednlla,  with  T,  V,  vcina.  In  the  lower  half  of  the  fignre  the  endochondral 
^ctagy  bMK  baa  been  completely  absorbed.    (Klein  and  Noble  Smith.) 
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cells  which  are  in  the  mature  tissue  gradually  transformed  into 
fibres.  Thusy  the  differences  between  the  footal  perichondrium  and 
the  periosteum  of  the  adult  are  such  as  usually  exist  between  the 
embryonic  and  mature  forms  of  connective-tissue. 

Between  the  hyaline  cartilage  of  which  the  foetal  femur  consists 
and  the  bony  tissue  forming  the  adult  femur,  two  intermediate 
stages  exist — ^viz.,  calcified  cartilage,  and  embryonic  spongy  bone 
These  tissues,  which  successively  occupy  the  place  of  the  foetal 
cartilage,  arc  in  succession  entirely  reabsorbed,  the  medullary 
cavity  of  the  adult  bone  occupying  the  entire  space  gained  by 
their  absorption,  and  even  encroaching  on  the  substance  of  the 
periosteal*  bone  by  absorption  of  its  deeper  layers. 

The  process  by  which  the  cartilaginous  is  transformed  into  the 
bony  femur  may  be  divided  for  the  sake  of  clearness  into  the 
following  six  stages : — 

1.  In-growth  of  processes  from  the  perichondrium. 

2.  Calcification  of  cartilaginous  matrix  beginning  at  the  so- 
called  "  centres  of  ossification." 

3.  Deposition  of  embryonic  spongy  bono  on  calcified  trabecuhc 
with  gradual  absorption  of  the  latter. 

4.  Absori)tion  of  embryonic  spongy  bone  proceeding  pari  patiu 
with  deposition  of  j)erio8teal  bone. 

5.  Absorption  of  deeper  layers  of  periosteal  bone,  completing 
the  formation  of  the  medullary  cavity,  accompanied  by  continua- 
tion of  deposition  of  bone  beneath  the  periosteum. 

6.  Formation  of  compact  bony  tissue  by  successive  deposition 
of  concentric  layers  of  bone  around  the  futiu-e  Haversian  canak. 

It  must  be  clearly  borne  in  mind  that  these  six  stages  of  the 
process  are  all  in  progress  in  different  parts  of  the  same  bone  at 
the  same  time  (fig,  48). 

Stage  1. — Processes  from  the  ostcogcnetic  or  cellular  layer  of 
the  perichondrium  grow  into  the  substance  of  the  cartilage  much 
as  ivy  insinuates  itself  into  the  cracks  and  crevices  of  a  wall.  Thus 
the  substance  of  the  cartilage,  which  previously  contained  no 
vessels,  is  traversed  by  a  numl)cr  of  branched  anastomosing 
channels  fonncd  by  the  enlargement  and  coalescence  of  the  spaces 

•  By  the  tenn  i>erio8teal  bone  is  here  meant  bone  formed  from  the  perios- 
teum. * 
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in  which  the  cartilage-cellB  lie,  and  containing  loops  of  blood- 
TCSScU  (fig.  49}  and  epheroidal-cells  vhich  will  become  osteoblasts. 
Stage  3. — Lime-sslta  are  deposited  in  the  fonu  of  fine  gnmulea 
in  the   hyaline  matrix  of 
the  cartilage,  which  thus 
^=  becomes    gradually    trans- 

formed  into  B.  number  of 
calcified  trabeoulre  (fig.  50), 
-  separated  by  irregular  anas- 

tomosing    spaces,     which 


fi?-  50-t 


[iriginally  contained  cartilage^celle,  these  latter  having  gradually 


*  Fi|^  49. — Ouiffing  cartilage  allowing  loops  of  blood'Tessels. 

t  Fig.  50.  Limgitudinal  ««ctioD  of  ouifying  cartilage  from  the  bninerua 
«f  a  lotil  ihMph  Calcified  tnbecnlie  are  uvn  eiteoding  betwt«n  the  colnnraa 
«f  cartilagE  cdla,    e,  cartilaga  cells.      kKO.     (Slisrpcy.} 


Fig.  51.' 
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Bwelled  up,  becomo  more  tntnaparent,  and  finally  undergone  dis- 
integratioa     These  irr^ular  anastomosing  spaces  contain  the 
in-^rowiug  processes  Irom  the  penchondnum  mentioned  abore, 
which  constitute  n'hat  ia  often  termed  the  "  primary  marrow." 
Stage  8. — The  colls  of  the  primary  marrow  arrange  themselves 
as  a  contiuuoua  layer  like 
epithelium    on     the    cal- 
cified   tral>eculee    and   by 
the  catcifioation  of  their 
outer  parts  deposit  a  layer 
of  boue,  which  ensheathea 
the    calcified    trabeculn : 
these  cal<»fied  trabecule, 
oncosod  in  their  sheatliB 
of  young    bone,    become 
gradually  absorbed,  so  that 
finally  we  have  tiabeculie 
composed  entirely  of  bone, 
all  trace  of  the  original  onl- 
cified  cartilage  having  dis- 
nppeared.    It  is  probable 
that    the  large   multinu- 
cleated ^ant-cells  termed 
"osteoclasts"  by  Kblliker,  which  are  derived  from  the  osteoblasts 
by  the  multiplicatiou  of  their  nuclei,  arc  the  agents  by  which  the 
absorption  of  calcified  curtilage,  of  embryonic  sponfiy  bone,  and 
also  of  periosteal  bone  ia  carried  on  (fig.  51).     At  any  rate  th^ 
are  almost  always  found  wherever  absorption  is  in  progress. 

Stages  2  and  3  are  precisely  similar  to  what  goes  oa  in  the 
growing  shaft,  of  a  bone  which  is  increasing  in  length  by  the 
advauce  of  the  process  of  ossification  into  the  intermediary  carti- 
lage, between  the  diaphysis  and  epiphysis.  In  this  case  the 
cartilage-cells  become  flattened,  and  arrange  themselves  into  re- 
gular columns  at  riglit  angles  to  the  plane  of  calcification,  while 


*  Fig.  51.  A  small  isoluUd  mass  of  bone  next  tbo  periosteum  of  tb«  lower 
jaw  of  buiDBn  fcctus.  a,  osteogenctic  luycr  of  periostenm.  G,  multinnclear 
giant  cells,  the  ono  on  th«  left  acting  liero  probably  like  an  osteoclast.  Above 
c,  the  osteoblasts  are  uen  to  become  sjirouoiled  hj  an  osseous  matrix. 
(Kloin  and  Noble  Smith.) 
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calcified  spiculae  shoot  up  into  the  hyaline  matrix  between  them 

(fig-  50)- 

Stage  4. — The  embryonic  spongy  bone  formed  as  above  de- 
scribed, is  simply  a  temporary  tissue  occupying  the  place  of  the 
foetal  rod  of  cartilage  representing  the  femur.     Periosteal  bone  is 
now  deposited  in  successive  layers  beneath  the  periosteimi,  exactly 
as  described  in  the  section  on  ^ossification  in  membrane/'  and 
thns  a  casing  of  periosteal  bone  is  formed  around  the  embryonic 
endochondral  spongy  bone :  this  casing  is  thickest  at  the  centre, 
where  it  is  first  formed,  and  thins  out  towards  each  end  of  the 
shaft.     The  embryonic  spongy  bone  is  absorbed,  its  trabccula) 
becoming  gradually  thinned,  and  its  meshes  enlarging,  and  finally 
coalescing  into  one  great  cavity — the  medullary  cavity  of  the  shaft. 
Stage  5. — The  absorption  of  the  endochondral  spongy  bone  is 
now  complete,  and  the  medullary  cavity  is  bounded  by  periosteal 
bone :  the  inner  layers  of  this  periosteal  bone  are  also  absorbed, 
and  the  medullary  cavity  thereby  enlarged,  while  the  deposition 
of  bone  beneath  the  periosteum  continues  as  before.     This  perios- 
teal bone  is  at  first  spongy,  as  described  in  the  section  on  ossifica- 
tion in  membrane. 

Stage  e. — Is  a  gradual  change  by  which  the  spongy  periosteal 
bone  is  transformed  into  compact  bony  tissue  by  the  deposition  of 
•recessive  layers  of  bone  from  the  osteoblflusts  which  arrange  them- 
selves in  successive  concentric  layers,  till  the  irregular  spaces  in 
tbe  centre  are  reduced  to  well-formed  Haversian  canals  (fig.  52). 
"ben  once  formed,  bony  tissue  grows  to  some  extent  interstitially, 
*8  is  eridenced  by  the  fact  that  the  lacuna)  are  rather  further  apart 
^  folly-formed  than  in  young  bone. 

Beneath  the  periosteum  on  the  surface  of  many  bones  are  some- 
times found  little  depressions  (Howship's  lacimse)  of  various  depths 
^d  shapes,  which  are  said  to  be  due  to  absorption. 

Centres  of  Ossifioation. — In  all  bones  ossification  commences 
at  one  or  more  points,  termed  "  centres  of  ossification."  The  long 
bones,  c.^.,  femur,  humerus,  &c.,  have  at  least  three  such  points 
"~one  for  the  ossification  of  the  sliaft  or  diaphysis,  and  one 
'or  each  articular  extremity  or  epiphym.  Besides  these  three 
pnmary  centres  which  are  always  present  in  long  bones,  various 
secondaiy  centres  may  be  superadded  for  the  ossification  of  dif- 
ferent processes. 

o  2 
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Growth  of  Bone. — Bones  increafie  Id  length  b^  the  advanoa 

of    the  proceaa   of  ossification   into    the   cartilage    intermediata 

between  the  diaphysis  and  epiphysis.     The  increase  in  length 

indeed  ia  due  entirely  to 


F!3.  SI.' 


growth  at  the  two  ends  of 
the  iha/t.  This  ia  proved 
by  inserting  two  pina  into 
the    ahaft    of    a    groiring 

)  bone :  afler  some  time  their 
J  distance  apart  will  be  found 
to  be  unaltered  though  the 
bone  has  gradually  in- 
creased in  length,  the 
growth  having  taken  place 
beyond  and  not  between 
them.  If  now  one  pin  be 
placed  in  the  shaft,  and 
the  other  in  an  epiphysis 
of  a  growing  bone,  their 
distance  apart  will  increase 
as  the  bone  grows  in 
length. 

Thus  it  is  that  if  the 
epiphyses  with  the  inter- 
mediate cartilage  be  re- 
moved from  a  young  \>one,  growth  in  length  is  no  longer  possible ; 
while  the  natural  termination  of  growth  of  a,  bone  in  length  takes 
place  when  the  epiphyses  become  united  in  bony  continuity  with 
the  shaft. 

Increase  in  thickness  in  the  shaft  of  a  long  bone,  UMiura  by  the 
deposition  of  sncceasivo  layers  beneath  the  periosteum. 

If  a  thin  metal  plato  be  inserted  beneath  the  periosteum  of  a 
growing  bone,  it  will  soon  be  covered  by  osseous  deposit,  but  if  it 
be  put  between  the  fibrous  and  osteogenetic  layers,  it  will  never 


*  Fig.  51.  Transverae  section  of  femur  of  a,  human  embrjo  of  about 
eleven  weeka  old.  a,  nulimentary  Haversinn  canal  in  cross  section  ;  6,  ia 
lon^tadinal  section ;  c,  osteoblasts ;  d,  newly  fomied  osseous  substance  of  a 
lighter  oolour  ;  e,  Ibat  of  greater  age  ;  f,  lacome  willi  their  cells  j  g,  a  coll 
still  united  to  an  osteoblast.     (Ftej.) 


become  enveloped  in  bone,  for  all  the  bone  is  fonned  beneath  the 
l&tter. 


fnnetiont  of  bona. — ^Bones  form  the  framework  of  the  body ;  for 
this  they  are  fitted  by  their  hardness  and  solidity  together  with 
their  comparative  lightness ;  they  serve  both  to  protect  internal 
organfl  in  the  trunk  and  skull,  and  as  levers  worked  by  mosclcs  in 
the  limbs  ;  notwithstanding  their  hardness  they  possess  a,  con- 
udemble  degree  of  elasticity,  which  often  saves  them  from 
trodures. 

Teeth. 
A.  tooth  is  generally  described  aa  poasesaing  a  croten,  neck,  and 
/mj  or /anffi. 

The  ermcn  is  the  portion  which  projects  beyond  the  level  of  the 
gmn.    The  neck  is  that  constricted  portion  just  below  the  crown 


■Py-  S3* 


vliieh  is  embraced  by  the  free  edges  of  the  gum,  and  the  fang 
inclndeg  all  below  this. 

On  making  a  longitudinal  section  through  the  centre  of  a  tooth 
(Sgi  53,  54),  it  is  found  to  be  principally  composed  of  a  hard 

*  Fig.  53.     A.  LoDgitudinal  section  of  a  hnman  molar  tooth  ;  c,  cement ; 
<f,  dentiDe ;  e,  Bnamel ;  v,  palp  cavity  (Owen). 
I.  Trumne  MctioD.    Th«  letters  iodicnte  tlieMmeas  in  a. 
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matter,  dentint  or  ivorj ;  while  in  the  centro  thiB  dentine  ia  boUoved 

out  into  a  cavity  resembling  in  geneml  shape  the  outline  of  tbe 

tooth,  and  called  the  pulp-carily, 

Fi'j.  54.*  Irom  itBContainingaveryTascular 

«and  sousitive   little   ma^,  com- 
posed of  coimectiTe-tiseue,  blood- 
vessels, and  nerves,  which  ia  called 
The  blood-vessels  and  nerves 
enter  the  pulp  through  a  small 
opening  at  the  extremity  of  the 
Capping  that  part  of  the  den- 
line  which  projects  beyond  the 
level  of  the  gum,  is  a  layer  of 
vciy  hard  calcareous  matter,  the 
enartiel ;  while  sheathing  the  por- 
tion of  dentine  which  is  beneath 
of  tnie  hone,  called  the  cement 
At    tbe    neck  of   tbe   tooth, 
where  the   enamel  and   cement 
come  into  contact,  each   is  re- 
duced  to    an    exceedingly    thin 
layer.     The    covering  of  enamel 
becomes  thicker  as  we  approach  the  crown,  and  the  cement  as  we 
approach  the  lower  end  or  apex  of  the  fang. 

Dentine  or  ivory  in  chemical  composition  closely  resembles  bone. 
It  contains,  however,  rather  lesa  animal  matter;  the  proportion  in 
hundred  parts  being  about  twenty-eight  animal  to  seventy-two  of 
earthy.  The  former,  like  the  animal  matter  of  bone,  may  be  re- 
solved into  gebitin  by  boiling.     The  earthy  matter  ia  made  up 


•  Fig.  54.  Premolar  tootli  of  cut  in  sUv.  Vertical  section,  i.  Enamel 
with  decuasating  and  pnrallel  atria;.  3.  Dentine  with  Schrefjot's  lines. 
3.  Cement.  4.  PcriOBteiim  of  tho  alveolus.  5.  Inferior  masillaiy  bono 
ahowing  canal  for  the  inferior  dental  nervo  and  vessels  which  appears  oeuly 
circular  in  tiausverse  section.     (Walileyer.) 
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chiefly  of  calcium  phosphate,  with  a  Bmall  portion  of  the  carbonate, 
and  tracea  of  fluoride  of  calcium  and  phosphate  of  magDCsium. 

Under  the  microBCOpe  dentine  is  seen  to  be  finely  channelled 
by  a  multitude  of  dehcate  tubes,  which,  by  their  inner  ends, 
communicate  with  the  pulp-cavity,  and  by  their  outer  extremities 
come  into  contact  with  the  under  part  of  the  enamel  and  cement 
und  sometimes  even  penetrate  them  for  a  greater  or  less  distance 
{%  55)- 

In  their  course  from  the  pulp-cavity  to  the  surface  of  the 
dentine,  the  minute  tubes  form  gentle  aud  nearly  paiallel  curves 
and  dirido  and  subdivide  dichotomously,  but  without  much  less- 
ening of  their  calibre  until  they  are  approaching  their  peripheral 
termination. 

From  tfaeir  sictes  proceed  other  exceedingly  minute  secondary 
caoals,  which  extend  into  the  dentine  between  the  tubules,  and 
smatomose  with  each  other.     Tho  tubules  of  the  dentine,  the 

fig-  St' 


average  diameter  of  which  at  their  inner  and  larger  extremity  is 
Ti'tB  of  an  inch,  contain  fine  prolongations  from  the  tooth-pulp, 
"bich  give  tho  dentine  a  certain  faint  seuBitiveneaa  under  ordi- 
nsuj  circurostances,  and  without  doubt,  have  to  do  also  with  its 
EOtrition,  These  prolongiitiona  from  the  tooth-pulp  are  really 
proceBses  of  the  dcntine-cella  or  odontoblasts,  which  are  branched 


'  Fig-  S5-  S^tion  of  »  portion  of  tho  dentine  and  cement  from  the  middlo 
»f*e  mot  ofan  incisor  tooth,  a,  (Untal  tubnli  tamifjing  and  terminating, 
''oierfthem  in  theinterglobniar  spocesAond  c,  which  samewhat  r«semblo 
WlietuuE ;  d,  inner  layer  of  the  cement  with  nnmerous  closely  set  cani- 
licoli;  e,  outer  Ujer  of  cement ;/,  l.ncuniB;  ff,  foaaiiculi.    X3SO.   (,K.6Uikei.^ 


88  STEUCTUaE   OF   EL£U£2fTA£T   TISSUES,    [chat,  iv, 

cells  lining  the  pulp-cavity  ;  the  relation  of  those  processes  to  the 
tubules  in  which  they  lie  being  precisely  similar  to  that  of  the  pro- 
cesses of  the  bone-corpuscles  to  the  canaliouli  of  bone.  The  outer 
portion  of  the  dentine  underlying  both  .the  cement  and  enamel, 
forms  K  more  or  leaa  distinct  layer  termed  the  granular  or  inltr- 
gloOutm  Itijer     It  is  cliaractorised  by  iho  presence  of  a  number 


■Kj-  57-+ 


of  minute  cell-like  cavities,  much  more  closely  packed  tban  the 
lacunce  in  the  cement,  and  communicating  with  one  another,  and 
with  the  ends  of  the  dentine-tubes  (fig.  55),  and  containing  cells 
like  bone-corpuscles. 


*  Fig.  56.  Thin  Ecction  of  the  enuioel  and  a  part  of  tlie  dentine.  i>,  cnti- 
cular  [wllicle  of  the  enamel;  b,  enamel  fibres,  or  columns  wilUfiasures  between 
them  and  croas  etriie  ;  c,  tai;gi2t  cavities  in  the  etmincl,  communiCAting  with 
tlie  extremities  of  some  of  the  tubuli(d).      x  350.     (Kollikcr.) 

t  Fip  57.  Enamel  fibres.  A,  fragnienta  and  single  fibres  of  the  enamel, 
isolated  by  the  action  of  hydrochloric  oetd.  B,  surface  of  a  small  fragment  of 
enamel,  sbon-ing  the  heiagond  ends  of  the  fibres,     x  35a     (KoUiker.) 
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The  enamel,  which  is  by  far  the  hardest  portion  of  a  tooth,  is 
composed,  chemically,  of  the  same  elements  that  enter  into  the 
eomposition  of  dentine  and  bone.  Its  animal  matter,  however, 
amounts  only  to  about  2  or  3  per  cent.  It  contains  a  larger  pro- 
portioii  of  inorganic  matter,  and  is  harder  than  any  other  tissue 
in  the  body. 

Examined  under  the  microscope,  enamel  is  found  composed  of 
fine  hexagonal  fibres  (figs.  56,  57)  -^jW  ^^  ^^  ^°^^  i^  diameter, 
which  are  set  on  end  on  the  surface  of  the  dentine,  and  fit  into 
eom^nding  depressions  in  the  same. 

They  radiate  in  such  a  manner  from  the  dentine  that  at  the  top 
of  the  tooth  they  are  more  or  less  vertical,  while  towards  the  sides 
thej  tend  to  the  horizontal  direction.  Like  the  dentine-tubules, 
thej  are  not  straight,  but  disposed  in  wavy  and  parallel  curves. 
The  fibres  are  marked  by  transverse  lines,  and  are  mostly  solid, 
hot  some  of  them  contain  a  very  minute  canal. 

The  enamel-prisms  are  connected  together  by  a  very  minute 
quantity  of  hyaline  cement-substance.  In  the  deeper  part  of  the 
enamel,  between  the  prisms,  are  small  lacunae,  which  communicate 
with  the  "  interglobular  spaces  "  on  the  surface  of  the  dentine. 

The  enamel  itself  is  coated  on  the  outside  by  a  very  thin  calci- 
fied membrane,  sometimes  termed  the  cuticle  of  the  enamel. 

The  crusta  peirosa,  or  cement,  is  composed  of  true  bone,  and  in 
it  are  lacunte  and  canaliculi  which  sometimes  communicate  with 
the  outer  finely  branched  ends  of  the  dentine  tubules.  Its  laminte 
are  as  it  were  bolted  together  by  perforating  fibres  like  those  of 
ordinary  bone  (see  fig.  45),  but  it  differs  in  possessing  Haversian 
canals  only  in  the  thickest  parts. 

Development  of  Teeth. 

The  first  step  in  the  development  of  a  tooth,  consists  of  a  solid 
prolongation  of  the  stratified  epithelium  of  the  mucous  membrane 
ei^Tering  the  jaw  into  the  substance  of  the  mucous  membrane 
(fig.  58).  This  growth,  thickened  below,  is  called  the  primavi/ 
^nmd  organ.  At  the  fundus  of  the  enamel  organ,  an  upward 
growth  of  vascular  tissue  {embryonal  toot/irpapilla)  forms  an 
ioTagination  (fig.  58) ;  and  the  primary  enamel-organ  is  gradually 
converted  into  a  secondaiy  enamel-organ  or  enamel-cap  covering 
the  tooth-papilla. 
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The  tooth  boc  is  the  vascular  mucous  tissue  which  summnds 

the  enamel  organ  and  tooth  papilla,  in  which  fine  fibnls  form  f 

sort  of  meshnork  dcfiiung  the  aac  from  the  neighbourmg  mucosa. 

It  IB  to  be  obserrod 

that  the  papilla  and  the 

surrounding  dental  ma 

fu-a  both   well-fiupphed 

with  blood  vesaeU. 

The  papilla  is  com- 
posed of  a  netwOTk  (^ 
nucleated  cells,  from 
which  arises  centrally 
the  pulp  of  t^ 
tooth,  and  from  its 
penpheral  layer  of 
large  columuar  cells 
(odontoblaat«)  is  formed 
the  dentin  The 
odontoblasts  lengthen 
at  the  r  outer  ends,  and 
this  leugthemug  fonnB 
the  matnx  of  dentia 
This  process  happens 
ogam  and  again  by  the 
further  lengthening  of 
the  odontoblastic  pro- 
cesses, until  the  dentin 
ceases  to  increase  iir 
thickness.  Aa  new 
dentin  is  formeJ,  that  previously  made  uudei-goca  calcification- 
The  deutiu.ll  fibres  are  derived  from  the  jjrocesses  of  the  cells  of 
the  deeper  layers  of  the  papilla. 

The  enamel  cap  is  fouiul  later  on  to  consist  of  three  parts  :  (a) 
an  inner  membrane,  composed  of  a  Inyer  of  columnar  epithelium 

*  Fig.  58.  Vtrlicitl  transverse  Bections  of  u|ipiT  jnw.  1,3.  Prom  a  smill 
cmlirjo  ;  6,  joungor  loj'ers  of  epithelium  ;  c,  the  ilci^jiost ;  d,  enamel  germ  ; 
c,  eanmel  orgnti ;  /,  ductal  germ  ;  g,  inner  ;  suil  /i.  outer  layer  of  the  growing 
tooth  sac.  3.  From  an  older  omUrjo  ;  rf,  the  stylo  of  tie  enamel  otgan ; 
i,  blood-vessel  severed  ;  it,  bonjr  sulistnucD.  Ttte  remaining  letters  as  in  1 
and  3  (Tlucnielij. 


Tfie  wiitu.i-l  is 
■v  tlio  uiamol  cells 
jicr  memliraue,  Iiy 
gation  of  the  distal 
ies  of  the  cells, 
directly  cmiTerted 
neL  The  calclfica- 
tbe  enamel  pro- 
'  prisms  takes  place 
Uie  peripbeiy,  tbo 
smunicg  for  a  time 
DnL  The  cells  of 
.turn  int^medjum 
for  tba  regcnera- 
the  enamel  cells, 
e  and  the  middle 
le  after  a  time  dis- 

Tbe  cells  of  the  outer  membrane  give 
f  the  enamel 

emont  is  formed  from  the  tissue  of  the  tooth-sac,  tho 
3  and  function  of  which  is  identical  with  tho  osteogencti. 
the  periosteum, 
ia  manner  the  first  Bet  of  teeth,  or  the  milk-teeth,  are 


I  to   tho 


92  STECCTUEE   OP   ELEME^TABT    TISSUES,    [cjhap.  it. 

existeace:  this  is  due  to  the  growth  of  the  permanent  teeth,  wbich 
push  their  way  up  from  beneath,  absorbing  in  their  progre»  the 
Thole  of  the  fang  of  each  milk-tooth,  and  leaving  at  length  only 
the  crown  aa  a  mere  shell,  which  is  shed  to  make  vay  for  the 
eruption  of  the  permanent  teeth  (fig.  60), 

The  temporary  teeth  are  ten  in  each  jaw,  namely,  four  tndton, 
two  eaninet,  and  four  molart,  and  are  replaced  by  ten  permanent 
teeth,  each  of  which  is  developed  from  a  small  sac  set  by,  bo  to 
speak,  from  the  sac  of  the  temporary  tooth  which  preoedes  it^  and 
(»lled  the  eavit}/  of  reierve. 


The  number  of  permanent  teeth  in  each  jaw  is,  however,  in- 
creased to  Bixtcon,  by  the  development  of  three  others  on  each  side 
of  the  jaw  after  much  the  siune  fashion  as  that  by  which  the  milk- 
teeth  were  themselves  formed. 

Tbo  beginning  of  the  development  of  the  permanent  teeth  of 
course  takes  place  long  before  the  cutting  of  those  which  they  are 
to  succeed.  One  of  the  first  steps  in  the  development  of  a  milk- 
tooth  is  the  outgrowth  of  a  lateral  process  of  epithelial  cells  from 
its  primitive  enamel  organ.  This  epithelial  outgrowth  ultimately 
becomes  the  enamel  organ  of  the  permanent  tooth,  and  is  indented 
from  below  by  a  primitive  dental  papilla,  precisely  as  described  above. 

*  Fig.  60.  Part  of  the  lowir  jaw  of  a  child  of  throo  or  four  years  old, 
sliowing  the  relations  of  the  temporary  and  permanent  teeth.  The  ipecimen 
contains  all  the  milk-tcetli  of  the  right  Bide,  togother  with  the  incisors  of  the 
left ;  the  inner  plate  of  the  jaw  has  lieen  removed,  so  aa  to  expose  the  sacs  of 
all  the  permaneot  tectli  of  the  right  side,  except  llie  eighth  or  wisdom  tooth, 
wbich  is  not  yet  formed.  The  targe  sac  near  the  ascending  nnma  of  the  jaw 
it  that  of  the  first  permanent  tnolar,  nud  aboro  and  behind  it  ia  the  commBoc- 
iog  rudiment  of  tbi:  second  molar  (Quun). 
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The  following  formula  shows,  at  a  glance,  the  comparative  ar- 
nogement  and  number  of  the  temporary  and  permanent  teeth  :— 


TenpQiBry  Teeth 


PennaDent  Teeth 


!  Upper 
Lower 

!  Upper 
Lower 


MO.  CA.  IK.  OA.  MO. 
2      I      4      I      2         =IO 

2      I     4     I      2        =10 

MO.  BI.  OA.  IN.  CA.  BI.  HO. 

3    2    I    4    I    2    3  =  i6 


=  20 


=  32 


3    2    I    4    I    2    3  =  i6 

From  this  formula  it  will  be  seen  that  the  two  bicuspid  teeth  iu 
the  adult  are  the  successors  of  the  two  molars  in  the  child.  They 
differ  from  them,  however,  in  some  respects,  the  temporary  molars 
haying  a  stronger  likeness  to  the  permanent  than  to  their  imme- 
diate descendants,  the  so-called  bicuspids. 

The  temporary  incisors  and  canines  dififer  from  their  successors 
hot  little  except  in  their  smaller  size. 

The  following  tables  show  the  average  times  of  eruption  of  the 
Temporary  and  Permanent  teeth.  In  both  cases,  the  eruption  of 
any  given  tooth  of  the  lower  jaw  precedes,  as  a  rule,  that  of  the 
corresponding  tooth  of  the  upper. 

Ibrnparary  or  Milk  Teeth. 
The  figmes  indicate  in  motUha  the  age  at  which  each  tooth  appears. 

MOLARS.     CAKIHSS.     HCCISOBS.     CANINES.     MOLARS. 


24      12 

18 

9  7  7  9|       18 

12    24 

P&rmanent  Teeth. 
The  age  at  which  each  tooth  is  cat  is  indicated  in  this  table  in  years, 

aOLAftS.      BICUSPID.     CANINES.     INOISOBS.     CANINES.     BICUSPID.     MOLARS. 


17 

12 

12 

17 

to 

to 

6 

10 

9 

II  to  12 

8 

7 

7 

8 

II  to  12 

9 

10 

6  to 

to 

»5 

>3 

1 

13 

25 

The  times  of  eruption  put  down  in  the  above  tables  are  only 
^ipcoximate :  the  limits  of  variation  being  tolerably  wide.  Some 
Jiildren  may  cut  their  first  teeth  before  the  age  of  six  months  and 
diers  not  till  nearly  the  twelfth  month.  In  nearly  all  cases  the 
vo  eentral  inciBors  of  the  lower  jaw  are  cut  first ;  these  being  sue- 
eeded  after  a  short  interval  by  the  four  incisors  of  the  upper  jaw ; 


94  THE   BLOOD.  [chap.  t. 

next  follow  the  lateral  incisors  of  the  lower  jaw,  and  so  on  as  indi- 
cated in  the  table  till  the  completion  of  the  milk  dentition  at  about 
the  age  of  two  years. 

The  milk-teeth  usually  come  through  in  batches,  each  period  of 
eruption  being  succeeded  by  one  of  quiescence  lasting  sometimes 
several  months.  The  milk-teeth  are  in  use  from  the  age  of  two 
up  to  five  and  a  half  years :  at  about  this  age  the  first  permanent 
molars  (four  in  number)  make  their  appearance  behind  the  nulk 
molars,  and  for  a  short  time  the  child  has  four  permanent  and 
twenty  temporary  teeth  in  position  at  once. 

It  is  worthy  of  note  that  from  the  age  of  five  years  to  the 
shedding  of  the  first  milk-tooth  the  child  has  no  fewer  than  forty- 
eight  teeth,  twenty  milk-teeth  and  twenty  eight  calcified  germs  of 
permanent  teeth  (all  in  fact  except  the  four  wisdom  teeth). 


CHAPTER   V. 

THE    BLOOD. 

As  blood  flows  from  the  living  body,  it  is  seen  to  be  a  thickish 
heavy  fluid,  of  a  bright  scarlet  colour,  when  it  comes  from  an 
arteiy;  deep  puii)lo  or  nearly  black  when  flowing  from  a  vein. 
Although  to  the  naked  eye,  however,  it  seems  imiformly  tinted, 
it  is  found  by  the  microscope  to  be  really  an  almost  colourless 
fluid,  containing  minute  coloured  cells  or  corpuscles;  and  these 
cells  are  the  real  source  of  the  colour  which  seems  to  the  naked 
eye  to  belong  to  every  part  of  the  blood  alike.  The  colourless 
fliud  portion  of  the  blood  is  termed  liquor  sanguinis,  or  plasma; 
the  coloured  cells  are  termed  Mood-cells,  or  blood-corpuscles. 

The  blood  is,  even  in  very  thin  layers,  opaque,  on  accoimt  of 
the  different  refractive  powers  of  the  corpuscles  and  the  plasma 
in  which  they  are  suspended;  but  it  assumes  a  lake  tint,  and 
becomes  transparent  on  the  employment  of  means  by  which  the 
colouring  matter  is  dissolved  out  of  the  corpuscles  by  the 
plasma.  Its  specific  gravity  at  60°  F.  is  on  an  average  1055 ; 
the  extremes  consistent  with  health  being  1050  and  1059.  It 
has  a  faint  alkaline  re-action.  Its  temperature  is  generally  about 
100*'  F.;  but  this  is  not  the  same  in  all  parts  of  the  body.  Thus, 
wliile  the   stream  is  slightly   warmed   by   passing  through   the 
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Hi  iv.'Ies,  ucrvc-coiitre.s,   and  glands,  most  notably  the  liver,  it  is 
slightly  cooled  on  traversing  the  capillaries  of  the  skin.  (Bernard.) 

The  question  of  the  relative  temperature  of  venous  and  arterial  hlood  has 
ioog  occupied  the  attention  of  Physiologists ;  hut  owing  to  the  want  of 
ddicacj  in  the  earlier  thermometers  employed  and  the  difficulty  of  making 
the  necessary  observations,  the  results  obtained  by  different  observers  were 
CQOtndictory.  Within  the  last  few  years  the  question  has  been  set  at  rest 
Ij  the  researches  of  Claade  Bernard.  By  introducing  small  catheters  into 
the  arteries  and  veins,  containing  wires  connected  with  a  "  reflecting  galva- 
Aometer^  capable  of  indicating  differences  of  temperature  as  minute  as 
1S5*  C,  be  focnd  that  the  temperature  in  all  the  main  arteries  was  constant, 
and  the  same  as  that  in  the  Left  ventricle,  while  the  temperature  in  the  veins 
d  the  extremities  was  lower  than  that  in  the  corresponding  arteries.  On 
tpproaching  the  trunk  the  temperature  rose  ;  while  in  the  vena  cava  below 
tiieliTerthe  temperature  was  about  the  same  as  in  the  aorta.  Above  the 
lim  the  blood  in  the  vena  cava  was  more  than  i**  C.  hotter  than  that  in  the 
uita ;  while  in  the  Bight  auricle  it  was  a  little  cooler  than  in  the  upper  part 
of  theTenacava  inferior  but  still  hotter  than  in  the  Left  auricle  and  ventricle. 

Thos,  in  pushing  catheters  gradually  up  both  vena  cava  and  aorta,  the 
wnk  ooe  indicated  a  constant  temperature,  while  the  temperature  in  the 
Teoi  cava  gradually  rose.  A  sudden  rise  was  observed  just  beyond  the 
ettnace  of  the  renal  veins,  and  a  sudden  and  considerable  rise  just  beyond 
the  entranoe  of  the  hepatic  veins.  The  increased  temperatures  observed 
JHtibore  the  entrance  of  renal  and  hepatic  veins  respectively  illustrate  the 
ven-knofwn  physiological  law  that  the  venous  blood  leaving  a  gland  is  hotter 
than  the  arterial  blood  which  enters  it. 

In  the  dog  the  two  venss  cavie  are  so  nearly  in  a  line,  that  it  is  not  difficult 
to  posh  on  a  catheter  from  the  inferior  cava  into  the  superior.  As  the  point 
rfthe  catheter  travels  away  from  the  auricle  up  the  vena  cava  superior  into 
the  neck,  the  temperature  gradually  falls,  till  it  is  just  the  same  as  that  in 
the  subclavian  artery  ;  and,  further  up  the  n^ck,  falls  below  it. 

The  odour  of  blood  is  easily  perceived  in  the  watery  vapour 
which  rises  from  blood  just  drawn :  and  it  may  also  be  set  free, 
aftenrardS;,  by  adding  to  the  blood  a  mixture  of  equal  parts  of 
nlphuric  acid  and  water.  It  is  said  not  to  bo  difficult  to  tell, 
hy  the  likeness  of  the  odour  to  that  of  the  body,  the  species  of 
domestic  animal  from  which  any  specimen  of  blood  has  been 
taken.  The  strong  odour  of  the  pig  or  cat,  and  the  peculiar 
milky  smell  of  the   cow,   arc    especially   easy   to   bo   detected. 

(BMToel.) 

Qxiantity  of  Blood, 

Only  an  imperfect  indication  of  the  whole  quantity  of  blood  in 
the  body  is  afforded  by  measurement  of  that  which  escapes 
when  an  animal  is  rapidly  bled  to  death,  inasmuch  as  a  certain 
amount  always  remains  in  the  blood-vessels.     In  cases  of  less 
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J  bleeding,  on  the  other  baiid,  when  life  ia  more  prolooge^ 
Irhcn,  therefore,  aufficient  time  elapses  before  death  t«  nllw 
I  nlisorption  inlo  tlio  circulating  current  of  the  fluids  of  lii 
^  tho  whole  quantity  of  blood  tbut  escapes  may  be  piatM 

.■bule  avemso  amount  naturally  present  in  the  vessels. 

lethod  of  Estimating  the  Quantity  of  Blood. — A  neurl] 

let  estimate   was  probably  mailo   hy  Weber  and   LelimanB, 

n  the  following  data.     A  criminal  was  neighed  befoi'e  ai 

decapitation ;  the  differeucc  in  the  weight  repreacutiug,  Ol 

),  the  quantity  of  blood  which  escaped.     The  blood-vesaeb  li 

end  aud  trmik  were  then  washed  out  hy  the  injection  ol 

r,  until  the  fluid  which  escaped  had  only  a  palo  red  or  stnrt 

■,     This  fluid  wad  then  also  weighed;  and  the  amount  d 

which  it  lepreacntod  was  calculated,  by  comparing  the  pro 

u  of  solid  matter  contained  in  it,  with  that  of  the  hrat  blood 

escaped  on  decapitation.     Two  experiments  of  this  kind 

Iprcciacly  similar  results. 

Ikker'a  method  is  tho  following.     An  animal  is  rapidly  U«J 

th,  and  tho  blood  which  escapes  is  colleoted  and  measured 

llood  remaining  in  the  smaller  veasela  is  then  removed  by  flU 

Kiuu  of  water  through  them,  and  the  mkture  of  blood  iiB' 
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qoautitj  of  matter  given  out.  Bernard  found  by  experiment, 
that  the  quantity  of  blood  obtainable  from  a  fasting  animal  is 
Karcelj  more  than  a  half  of  that  which  is  present  soon  after  a  full 
BMiL  The  estimate  above  given  must  therefore  be  taken  to 
rqnesent  only  an  approximate  averaga 

Coigalation  of  the  Blood. — In  two  or  three  minutes*  after 
xemoTal  from  the  living  body,  blood  becomes  semi-solid  and  jelly- 
like by  the  formation  throughout  its  whole  substance  of  what  is 
called  the  crassamentum  or  clot. 

The  dot  thus  formed  has  at  first  the  same  volume  and  appear- 
aooe  as  the  fluid  blood,  and,  like  it,  looks  quite  uniform ;  the 
€iilj  change  seems  to  be,  that  the  blood  which  was  fluid  is  now 
nlid.  But  presently,  drops  of  transparent  yellowish  fluid  begin 
to  oote  £rom  the  surface  of  the  solid  clot ;  and  these  gradually 
ttllecting,  first  on  its  upper  surface,  and  then  all  around  it,  the 
dot,  diminished  in  size,  but  firmer  than  it  was  before,  floats  in  a 
quantity  of  yellowish  fluid,  or  serum,  the  quantity  of  which  may 
eootinually  increase  on  account  of  its  being  gradually  squeezed  out 
oCthe  meshes  of  the  clot  in  the  course  of  its  contraction,  for  from 
twenty-four  to  forty-eight  hoiurs  after  coagulation. 

Blood  clot  is  composed  of  red  corpuscles,  held  together  as  a 
loiid  mass,  in  the  meshes  of  a  substance  termed  fibrin,  A  rough 
ttaljBiB  of  the  blood  is  thus  spontaneously  made,  on  coagulation. 

Blood. 


Liq.  Sanguinis  or  Plasma.  Corpuscles. 

/ » s 

Serum,  Fibrin. 


Clot  (containing  also  more  or  less 
serum). 

BnflEy  Coat. — Under  ordinary  circumstances  coagulation  occurs 
before  the  red  corpuscles  have  had  time  to  subside;  and  thus, 
from  their  being  entangled  in  the  meshes  of  the  fibrin,  the  clot 
■  of  a  deep  dark  red  colour  throughout, — somewhat  darker,  it 
Biajbe  at  the  most  dependent  part,  from  accumulation  of  red 
eeOfl,  but  not  to  any  veiy  marked  degree.  If,  however,  from 
inj  cause,  the  red  corpuscles  sink  more  quickly  than  usual,  or 
the  fibrin  contracts  more  slowly,  then,  in  either  of  these  cases, 
the  x«d  oorpuacles  may  be  observed,  while  the  blood  is  yet  fluid. 
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to  sink  below  its  surface;  and  the  layer  beneath  which  they 
have  sunk,  and  which  has  usually  an  opaline  or  greyish  white 
tint,  will  coagulate  without  them,  and  form  a  colourless  or  buff- 
coloured  clot  consisting  of  fibrin  alone,  or  of  fibrin  with  entangled 
white  corpuscles ;  for  the  white  corpuscles,  being  very  light,  tend 
upwards  towards  the  surface  of  the  fluid.  The  flayer  of  clot 
which  is  thus  formed  rests  on  the  top  of  a  coloured  clot  of 
ordinary  character,  i.e.,  of  one  in  which  the  coagulating  fibrin 
has  entangled  the  red  corpuscles  while  they  were  sinking :  and, 
thus  placed,  it  constitutes  what  has  been  called  a  huffy  coat. 

Cupped  Clot. — When  a  buffy  coat  is  formed  in  the  manner 
just  described,  it  commonly  contracts  more  than  the  rest  of  the 
clot,  on  account  of  the  absence  of  red  corpuscles  from  its  meshes, 
and  contraction  being  less  interfered  with  by  adhesion  to  the 
interior  of  the  containing  vessel  in  the  vertical  than  the  horizon- 
tal direction  (Burdon-Sanderson),  a  cupped  appearance  is  produced 
on  the  top  of  the  clot. 

In  certain  conditions  of  the  system,  and  especially  when  there 
exists  some  local  inflammation,  the  buffed  and  cupped  condition 
of  the  clot  is  well  marked,  because  the  tendency  of  the  red  corpus- 
cles to  fonn  rouleaux  (see  p.  109)  is  much  exaggerated  in  inflam- 
matory blood ;  and  their  rate  of  sinking  increases  with  their 
aggregation.  Inflammatory  blood  coagulates  also  less  rapidly, 
although  more  firmly,  than  healthy  blood. 

Although  the  appearance  just  described  is  commonly  the  result 
of  a  condition  of  the  blood  in  which  there  is  an  increase  in  the 
quantity  of  fibrin,  it  need  not  of  necessity  be  so.  For  a  very  dif- 
ferent state  of  the  blood,  such  as  that  which  exists  in  chlorosis, 
may  give  rise  to  the  same  appearance ;  but  in  this  case  the  pale 
layer  is  due  to  a  relatively  smaller  amount  of  red  corpuscles. 

It  is  a  curious  fact  that  in  the  case  of  horse's  blood,  which  coagulates 
slowly,  the  buffed  and  cupped  appearance  is  a  natural  phenomenon,  and  has 
no  connection  witli  those  conditions  of  disease  under  which  alone  it  appears 
in  man. 

Formation  of  Fibrin. — Fibrin  does  not  exist  as  fibrin  in 
liquid  blood,  but  it  may  be  obtained  from  recently  drawn  blood 
before  it  has  had  time  to  coagulate,  by  briskly  whipping  with 
a  bundle  of  twigs.  The  fibrin  is  found  to  adhere  to  the  twigs  in 
puikish  white  sticky-looking  flakes  and  strings.     The  formation  of 
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fiue  filaments  of  fibrin  may  be  watched  if  a  drop  of  freshly  drawn 
blood  be  at  once  examined  under  the  microscope ;  and  the  appear- 
ance of  these  filaments  corresponds  in  point  of  time  with  the 
coagulation  of  the  drop  of  blood.    But  if  coagulation  be  delayed 
in  blood,  by  means  of  cold  or  by  the  addition  of  neutral  saline 
solutions,  no  fibrin  can  be  obtained  from  it,  nor  does  it  appear  so 
lung  as  the  cold  is  maintained  or  until  the  fluid  is  considerably 
diluted.     In  addition  to  these  facts^  we  find  that   blood  from 
frhich  the  fibrin  has  been  taken,  e.g,^  by  whipping  with  twigs,  no 
longer  retains  the  power  of  spontaneous  coagulability.     We  there- 
fore come  to  these  conclusions  :  (i)  that  the  clotting  of  blood  is 
due  to  the  presence  of  fibrin;    (2)  that  fibrin  is  formed  when 
the  blood  is   coagulating.      We   have   now   to    deal    with   the 
<Iue8tion,  how  fibrin  is  formed ;  and  this  is  somewhat  more  com- 
plicated. 

If  the  blood  of  a  horse  which,  as  we  have  said  above,  coagulates 
very  slowly,  be  kept  at  a  temperature  of  32°  F.  (0°  C),  coagula- 
tion may  be  indefinitely  postponed  and  the  red  corpuscles  fall -to 
bottom  of  the  vessel  which  contains  the  blood,  leaving  an 
iisuaMy  deep  upper  stratum  of  almost  colourless  plasma  free 
from  red   corpuscles.       If  some  of  this   colourless  plasma  be 
'■^raioved,  it  wiU  speedily  clot  at  ordinary  temperaturea     Again, 
■^     l)lood  is  made  to  flow  from  the  vessels  of  an  animal  into  a 
iirated   solution   of    magnesium    sulphate,   as    coagulation   is 
Ayed  the   corpuscles   will    sink,   leaving    a    colourless   upper 
^^**^tum  of  fluid   plasma  free  from-  coi'puscles  as  in  the  other 
^^*^^*<j.    If  we  take  some  of  this  plasma  and  dilute  it  very  con- 
®^^crablv,  after  a  time  the  solution  will  clot  and  will  be  found  to 
^^^i:itain  fibrin.    But  if  the  plasma  obtained  in  either  of  these  ways, 
^>€i  satiuuted  with  solid  sodium  chloride  or  magnesium  sulphate, 
^  'White,  sticky,  precipitate  called  plasmine  is  produced,  after  the 
i^^xnoval  of  which,  the  plasma,  even  when  deprived  of  the  salt,  or 
<^iluted  with  six  or  eight  times  its  bulk  of  water,  will  not  coagu- 
^^.    This  plasmine  is  soluble  in  dilute  neutral  saline  solutions, 
^ut  the  solution  of  it  speedily  coagulates.     From  this  we  see  that 
^dood  plasma  kept  from  coagulation  in  the  above  ways,  contains  a 
«wbstance  without  which  it  cannot  coagulate,  and  a  solution   of 
^'hich  is    spontaneously    coagulable.      This    substance   is  very 
soluble  in  dilute  saline  solutions  and  is  not,  therefore,  fibrin,  iNhick 
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is  very  slightly  soluble.  The  coagulating  power  of  fluid  blood 
evidently  resides  in  its  plasmine,  and  is  due  to  the  presence 
of  fibrin.  These  substances  are  not  identical  From  this  it  ia 
inferred  that  plasmine  at  the  moment  of  coagulation  becomes 
fibrin. 

Nature  of  Flasmine. — It  was  first  suggested  many  years  ago 
by  A.  Buchanan  that  fibrin  was  formed  at  the  moment  of  coagula- 
tion by  the  union  of  two  substances  which  existed  independently 
in  fluid  blood,  and  this  view^  somewhat  modified,  still  holds  ground. 
It  is  thought  that  plasmine  consists  of  two  or  more  substances, 
which  between  them,  under  certain  conditions,  produce  fibrin. 

Certain  serous  fluids,  e.g,,  hydrocele  fluid,  after  removal  firom 
the  body,  appear  to  possess  no  power  of  spontaneous  coagulability, 
but  on  the  addition  of  blood -senun,  or  whipped  blood,  neither  of 
which  can  spontaneously  clot,  coagulation  wiU  ensue.  Again,  if 
serum  be  treated  with  solid  sodium  chloride  or  magnesium  sul- 
phate, a  precipitate  will  be  produced,  called  paraglobulin  or  Jlbrino- 
plasttn,  and  if  this  be  dissolved  in  a  neutral  saline  solution  no  clot 
forms,  yet  this  solution  if  added  to  hydrocele  fluid  will  cause  its 
coagulation.  And  if  hydrocele  fluid  be  treated  in  the  same  way, 
a  precipitate  is  produced  called  fibrinogen,  a  neutral  saline  solution 
of  which  is  not  spontaneously  coagulable  but  will  cause  serum  to 
clot.  Finally  the  solutions  of  these  two  bodies,  fibrinoplastin  and 
fibrinogen,  when  mixed  will  produce  fibrin,  and  the  solution  before 
coagulation  cannot  be  distinguished  from  the  saline  solution  of 
plasmine.  We  may  assume,  therefore,  that  plasmine  contains  both 
fibrinoplastin  and  fibrinogen. 

Presence  of  a  Fibrin  Ferment. — Both  paraglobulin  and 
fibrinogen  may  be  isolated  from  dilute  serum  and  hydrocele  fluids 
respectively  by  passing  a  brisk  stream  of  CO^  through  them; 
but  under  these  circumstances  when  dissolved  in  neutral  saline 
solutions  and  mixed,  they  will  not  clot,  whereas,  as  we  have  seen, 
under  the  saturation  method  they  will. 

It  appears  likely,  therefore,  that  in  the  former  method  some- 
thing is  not  precipitated  which  in  the  latter  case  is  precipitated. 
From  this  circumstance  and  from  the  fact  that  the  addition  of 
paraglobulin  prepared  by  the  saturation  method  will  cause  coagula- 
tion in  dilute  plasma  in  which  paraglobulin  is  already  in  excess, 
and  which  is  not  at  all  or  very  slightly  coagulable  spontaneously, 
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and  further  from  the  fact  that  an  aqueous  extract  of  blood  after 
the  entire  remoyal  of  all  proteids  (which  therefore  does  not  con- 
tarn  either  paraglobidin  or  fibrinogen),  will  cause  coagulation  in 
dilute  blood  plasma  and  in  pericardial  fluid,  it  is  inferred  that  a 
third  factor  is  necessaiy  to  coagulation,  which  cannot  bring  about 
coagulation  with  fibrinogen  alone,  or  with  paraglobulin  alone,  and 
cannot  by  itself,  therefore,  produce  clotting  either  of  such  fluids 
as  hydrocele,  which  lack  paraglobulin,  or  of  such  as  serum,  which 
lack  fibrinogen.      The  amoimt  of  the    clot  depends  upon   the 
quantities  of  fibrinogen  and  paraglobulin  present,  but  is  indepen- 
dent of  the  quantity  of  the  third  factor ;  although  this  regulates 
the  rapidity  of  clotting.      So  that    the   third  factor,  which  is 
contained  in  the  aqueous  extract  of  blood,  belongs  to  that  class  of 
bcKiies  which  promote  the  union  of  other  bodies  or  cause  changes 
itx    ether  bodies  without  themselves  entering  into  union  or  xmder* 
g'oing  change,  ue,  ferments.     The  third  substance,  therefore,  has 
n  called  by  A.  Schmidt  fibrin  ferment. 
^anse  of   the  Fluidity  of   the    Blood  in  the  Living 
^aselB. — Various  theories  have  been  proposed  to  explain  why 
^  Mood  does  not  coagulate  in  the  living  vessels,  but  the  question 
remains  in  doubt,  although  recent  investigations  have  thrown 
coxi^derable  light  on  the  subject.     It  may  be  as  well  to  mention 
^■^^  most  plausible  suppositions.     Lister  supposes  that  the  blood 
*^^^^  no  natural  tendency  to  clot,  but  that  its  coagulation  out 
^^     the  body  is  due  to  the  action  of  foreign  matter  with  which 
^^      liappens    to   be  brought  into   contact,  and   in   the  body  to 
^^^^t^ditions   of  the  tissues,  which  cause   them    to    act   towards 
^^     like  foreign  matter.     Brucke,  on   the   other  hand,   supposes 
"^a.t  there  is  a  natural  tendency  on  the  part  of  the  blood  to 
coagulate,   but  that   this  is  restrained  in  the   living  body   by 
some  inhibitory  power  resident  in  the  walls  of  the   containing 

Whichever  of  the  theories  is  true,  it  is  evident  that  there  is 

tome  relation  between  the  inner  surface  of  the  blood  vessel  and 

^  contained  blood,  without  the  disturbance  of  which  coagulation 

^^Qot  take  place.    For  we  see  that  blood  remains  fluid  in  the 

^<^88ela  for  some  hours  after  death,  but  if  removed  will  clot  speedily, 

^d  that  it  will  remain  fluid  for  a  considerable  time  in  a  blood- 

^<^*8el   removed  from  ttie  body,  provided  that  the  inner  sur&ico 
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remaiu  intact,  Aud  on  tho  other  hand,  in  the  living  body,  when 
from  any  cause  the  inner  siuface  of  the  vessels  is  injured  or 
diseased,  local  clotting  will  ensue,  especially  if  the  vessers  own 
blood  supply  be  cut  off. 

It  has  been  recently  suggested  by  certain  authors  that  the 
reason  why  blood  does  not  coagulate  in  the  living  vessels,  is  that 
the  three  factors  which  we  have  seen  are  necessary  for  the  forma- 
tion of  fibrin  are  not  in  the  exact  state  required  for  its  production. 
They  believe  that  the  fibrin  ferment  is  not  formed  or  is  not,  at 
any  rate,  free  in  the  blood,  but  that  it  is  produced  or  set  free  in 
the  disintegration  of  the  colourless  blood  corpuscles. 

They  base  tliis  theory  upon  the  following  facts  :  (i)  That  all 
strongly  coagulable  fluids  contain  colourless  corpuscles  almost  in 
direct  proportion  to  their  coagulability ;  (2)  That  clots  formed  on 
foreign  bodies,  such  as  needles,  inserted  into  the  walls  of  living 
vessels  are  preceded  by  an  aggregation  of  colourless  blood  corpus- 
cles ;  (3)  That  plasma  in  which  the  colourless  corpuscles  are 
scanty,  clot  feebly  ;  (4)  That  the  fibrin  ferment  increases  from  the 
time  the  blood  is  drawn  until  it  coagulates,  and  must  therefore  be 
developed  from  some  i)art  of  the  blood.  If  horse's  blood  be  kept 
at  32°  F.,  and  the  corpuscles  be  allowed  to  subside,  the  lowest 
stratum  containing  the  coloured  blood  corpuscles  is  found  to  be 
poor  in  fibrin  ferment.  If  some  of  the  upper  or  colourless 
plasma  be  examined,  it  will  be  found  poor  in  ferment  before  and 
rich  in  ferment  after  coagulation,  and  if  the  colourless  plasma  be 
filtered,  the  filtrate  which  is  free  from  colourless  corpuscles  is 
feebly  coagulal)le,  whereas  the  remainder  on  tho  filter  is  very 
rich  in  ferment. 

Schmidt  believes  that  the  paraglobulin  as  well  as  the  ferment 
exists  in  the  colourless  corpuscles  and  is  not  free  in  the  plasma 
imtil  the  corpuscles  disintegrate.  It  has  been  found  also  after 
the  removal  of  the  fibrin  from  the  blood  of  frogs  and  of  birds, 
that  a  watery  solution  of  the  corpuscles  will  spontaneously  dot, 
proving,  in  this  case  at  any  rate,  that  the  corpuscles  must  have 
contained  the  three  fibrin  factors. 

Granting  the  supposition  that  one  or  more  of  the  fibrin  fsu^tors 
is  set  free  from  the  corpuscles  during  their  disintegration  under 
various  circumstances,  yet  there  must  be,  as  M.  Foster  says,  some 
restraining  influence  in  the  blood  vessels  on  the  formation  of 
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fibrin,  for  many  of  the  corpuscles  must  die  from  time  to  time  in 
the  liviDg  vessels  without  causing  clotting  within  theia. 

• 

Sopport  was  once  thonght  to  be  given  to  BrUcke's  and  like  theories  bj  cases 
d.  inyajf  in  which  blood  eztravasated  in  the  living  body  has  seemed  to 
RBtin  nsooagolated  for  weeks,  or  even  months,  on  acconnt  of  its  contact 
with  liring  Ussnes.  Bnt  the  supposed  facts  have  been  shown  to  be  without 
Condition.  Hie  blood-like  fluid  in  such  cases  is  not  uncoagulated  blood, 
bot  I  mixture  of  serum  and  blood-corpuscles,  with  a  certain  proportion  of 
dot  in  rarious  stages  of  disintegration.    (Morrant  Baker.) 

ConditioiiB  affbcting  CoagrQiation. — The  coagulation  of  the 
blood  is  hastened  by  the  following  means : — 

1.  Moderate  warmth, — ^from  about  loo*'  F.  to  120*'  F. 

2.  Best  is  favourable  to  the  coagulation  of  blood.  Blood,  of 
which  the  whole  mass  is  kept  in  imiform  motion,  as  when  a  closed 
Tesiel  completely  filled  with  it  is  constantly  moved,  coagulates 
▼07  skwly  and  imperfectly. 

3.  Contact  with  foreign  matter,  and  especially  multiplication 
of  the  points  of  contact.  Thus,  coagulated  fibrin  may  be  quickly 
obtained  from  liquid  blood  by  stirring  it  with  a  bxmdle  of  small 
twigB ;  and  even  in  the  living  body  the  blood  will  coagulate  upon 
rough  bodies  projecting  into  the  vessels ;  as,  for  example,  upon 
threads  passed  through  them,  or  upon  the  heart's  valves  roughened 
faj  inflammatory  deposits  or  calcareous  accumulations. 

4*  The  free  access  of  air. 

5.  Coagulation  is  quicker  in  shallow  than  in  tall  and  narrow 
Tcsels. 

6.  The  addition  of  less  tlmn  twice  the  bulk  of  water. 

The  blood  last  drawn  is  said  to  coagiilate  more  quickly  than 
thefirst. 

The  coagulation  of  the  blood  is  retarded  by  the  following 
means: — 

1.  Cdd  retards  coagulation ;  and  so  long  as  blood  is  kept  at  a 
temperature  below  40^  F.,  it  will  not  coagulate  at  alL  Freezing 
the  blood,  of  course,  prevents  its  coagulation  3  yet  it  will  coagu- 
late, though  not  firmly,  if  thawed  after  being  frozen  ;  and  it  will 
do  80,  even  after  it  has  been  frozen  for  several  months.  A 
higher  temperature  than  120^  F.  retards  coagulation,  or,  by 
coagulating  the  albumen  of  the  serum,  prevents  it  altogether. 

2.  The  addition  of  water  in  greater  proportion  than  twice  tho 
bulk  of  the  blood. 
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3.  Contact  with  living  tissues,  and  especially  with  the  interior 
of  a  living  blood-vessel,  rctards  coagulation. 

4.  The  addition  of  alkaline  and  earthy  salts  in  the  proportion 
of  2  or  3  per  cent,  and  upwards.  When  added  in  lai^ge  propor- 
tion most  of  these  saline  substances  prevent  coaguIatioQ  alto- 
gether. Coagulation,  however,  ensues  on  dilution  ^ith  water. 
The  time  that  blood  can  be  thus  preserved  in  a  liquid  state 
and  coagulated  by  the  addition  of  water,  is  quite  indefinite. 

5.  Imperfect  aei'cation, — as  in  the  blood  of  those  who  die  faj 
asphyxia. 

6.  In  inflammatory  states  of  the  system,  the  blood  ooagoletei 
more  slowly  although  more  firmly. 

7.  Coiigulation  is  retarded  by  exclusion  of  the  blood  from  the 
air,  as  by  pouring  oil  on  the  surface,  etc.  In  vacuo,  tlie  Uood 
coagulates  quickly ;  but  Lister  thinks  that  the  rapidity  of  the 
process  is  due  to  the  bubbling  which  ensues  from  the  eacacpo  of 
gas,  smd  to  the  blood  being  thus  brought  more  freely  into  contact 
with  the  containing  vessel. 

The  coagidation  of  the  blood  is  prevented  altogether  by  the 
additi<jn  of  strong  acids  and  caustic  alkalies. 

It  has  bccH  believed,  and  chiefly  on  the  authority  of  Hunter,  tint 
After  certain  modes  of  death,  the  bloo<l  does  not  coagulate  ;  he  emunentei 
the  death  by  lightning,  over-exertion  (as  in  animals  hunted  to  death),  blows 
on  the  stomach,  fits  of  anger.  He  says,  "  I  have  seen  instances  of  them 
nil."  Doubtless  he  had  done  so  ;  but  the  results  of  such  events  are  not 
constant.  The  blood  has  been  often  observed  coagulated  in  the  bodies  of 
animals  killed  by  lightning  or  an  electric  shock ;  and  Gulliver  has  pab- 
lislied  instances  in  which  he  found  clots  in  the  hearts  of  hares  and  stags 
hunted  to  death,  and  of  cocks  killed  in  fighting. 

Cliemical  Composition  of  the  Blood, 

Average  proportions  of  the  constituents  of  the  blood  in  1,000 
parts: — 

Water  (including  that  of  corpuscles)      ....  784- 

Proteids  (of  j?enim) 70* 

Fibrin  (of  clot) 22 

Red  corpuscles 130* 

Fatty  matters  (of  serum) i  -4 

Inorganic  Salts  (of  scrum)         .        .        .        .        .    .      6' 

Gases,  Ercatin,  Urea,  and  other  extractive  matters, 
I  Glucose,  and  accidental  substances         .        .        .6*4 

looo- 
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*  The  above  illastrBtion  is  somewhat  altered  from  a  drawing,  by  Mr. 
Cnlliver,  in  the  Pro«e«d.  Zool.  Society,  and  eiliibits  the  typicjil  characters  of 
tlM  Ted  blood-cella  in  the  main  divisions  of  the  Vertebrata.  The  fractionB 
»« those  of  BQ  inch,  and  represent  the  average  diameter.  In  the  case  of  tlie 
"d  cells,  only  the  lonft  diameter  is  here  given.  It  ia  remarkable,  that 
ilthon^  the  aize  of  the  red  blood-cclIs  varieii  so  moch  in  the  diETcrent  classo 
ot  ^h*  tertebrate  kingdom,  that  of  the  white  corpnacles  remains  comparatively 
™(i>nii,  and  thns  Ihey  are,  in  some  animals,  rouclt  greater,  in  otheia  mnch 
''"'htn  then^  rorpotclet  existing  side  l>y  side  with  them. 
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The  Blood  CorpuBcleB  or  Blood-Cells. 

There  are  two  principal  forms  of  corpuscles,  the  red  and  the 
vtliite^  or,  as  they  are  now  frequently  named,  the  coloured  and  the 
colourless.  In  the  moist  state,  the  red  corpuscles  form  45  per 
cent  by  weight,  of  the  whole  mass  of  the  blood.  (Robm.)  The 
proportion  of  colourless  corpuscles  is  only  as  i  to  400  or  500  of 
the  coloured. 

Bed  Ck>rpu8cle8. — Human  red  blood-corpusoles  are  circular, 
biconcave  disks  with  rouuded  edges,  from  -^j}^  to  7^^  inch  in 
diameter,  and  -nruTTo  ^^^^  ^^  thickness,  becoming  flat  or  convex  on 
addition  of  water.  •  When  viewed  singly,  they  appear  of  a  pale 
yellowish  tinge ;  the  deep  red  colour  which  they  give  to  the  blood 
being  observable  iu  them  only  when  they  are  seen  en  masse.  They 
arc  composed  of  a  colourless,  structureless,  and  transparent  filmy 
framework  or  stroma,  infiltrated  in  all  parts  by  a  red  colouring- 
matter  termed  hctmoglobin.  The  stroma  is  tough  and  elastic,  so 
that,  as  the  cells  circuhite,  they  admit  of  elongation  and  other 
changes  of  form,  in  adaptation  to  the  vessels,  yet  recover  their 
natural  shape  as  soon  as  they  escape  from  compression.  The 
term  cell,  iu  the  sense  of  a  bag  or  sac,  is  inapplicable  to  the  red 
blood-corpuscle ;  and  it  must  be  considered,  if  not  solid  through- 
out, yet  as  having  no  such  variety  of  consistence  in  different  parts 
as  to  justify  the  notion  of  its  being  a  membranous  sac  with  fluid 
contents.  The  stroma  exists  in  all  parts  of  its  substance,  and 
tho  colouring-matter  uniformly  pervades  this,  and  is  not  merely 
surrounded  by  and  mechanically  enclosed  within  the  outer  wall  of 
tho  corpuscle.  The  red  corpuscles  have  no  nuclei,  although,  in 
their  usual  state,  the  unequal  refraction  of  transmitted  light  gives 
tho  appearance  of  a  central  spot,  brighter  or  darker  than  the 
border,  according  as  it  is  viewed  in  or  out  of  focus.  Their  specific 
gravity  is  about  1 088. 

Varieties. — There  are  at  least  two  varieties  of  red  corpuscles, 
some  being  rather  larger,  paler,  and  less  circular  than  the  ma- 
jority, and  sometimes  flat  or  slightly  convex,  with  a  shining 
particle  apparent  like  a  nucleolus. 

In  almost  every  specimen  of  blood  may  be  observed  a  certain 
number  of  corpuscles  smaller  than  the  rest.  They  are  termed 
microcytes,  and  are  probably  simply  immature  corpuscles. 
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Method  of  Counting  the  Blood  Corpn^cles. — The  bsemo- 
cjtomcter  of  Hayem  and  Nachet  as  modified  by  Gowers,  con- 
sists of  (i.)  A  small  pipette,  which  when  filled  to  a  mark  on  its 
stem,  holds  exactly  995  c.  millimetres.     It  is  furnished  with  an 
india-rubber  tube  and  glass  mouth-piece  to  facilitate  filling  and 
emptying;    (2.)  A  capillary  tube,  marked  to  hold  5  c.  m.,  also 
furnished  with  a  mouthpiece  and  capillary  tube ;  (3.)  a  glass  slide 
in  a  cell  -J-  c.  m.  deep,  the  bottom  of  which  is  divided  by  lines  into 
Yj  c.  m.  squares.     A  standard  saline  solution  of  specific  gravity  of 
1025  is  used,  of  which  995  c.  m.  is  measured  by  the  pipette  into 
a  small  glass  jar,  and  into  this  solution  5  c.  m.  of  blood  obtained 
from  the  finger  are  blown  from  the  capillary  tube  and  well  mixed 
by  means  of  a  glass  stirring  rod.     A  drop  of  this  diluted  blood  is 
then  placed  upon  the  glass  slide.     A  cover  glass  is  then  placed 
over  the  cell  and  is  kept  in  position  by  means  of  two  springs  pro- 
ceeding from  the  ends  of  a  brass  stage  plate  with  which  the  slide 
is  provided.     The  drop  of  blood  is  examined  under  the  microscope 
with  a  power  of  about  400  diams.,  and  focusscd  until  the  lines  are 
visible.    After  a  short  delay  the  red  corpuscles,  which  have  been 
allowed  to  sink  to  the  bottom  of  the  fluid,  are  coimted  in  ten 
squares,  and  the  number  of  the  white  corpuscles  noted.   By  adding 
^totals  counted  in  ten  squares,  and  multiplying  by  10,000,  the 
number  of  corpuscles  in  i  cubic  millimetre  of  blood  is  obtained. 
Tbe  average  of  healthy  blood  was  decided  by  Vierordt  and  Welcker 
to  be  5,000,000  per  cubic  millimetre,  or  50  corpuscles  in  each  square. 

Action  of  Reagents. — Considerable  light  has  been  thrown  on  the  physical 
*Qd  chemical  constitution  of  red  blood*cclls  by  studying  the  effects  produced 
V  Tarious  reagents  :  the  following  is  a  brief  summary  of  these  reactions  : — 

Prftture, — If  the  red  blood-cells  of  a  frog  or  man  are  gently  squeezed, 
thej  exhibit  a  wrinkling  of  the  surface,  which  clearly  indicates  that  there  i» 
*  superficial  pellicle  partly  differentiated  from  the  softer  mass  within  ; 
"Sain,  if  a  needle  be  rapidly  drawn  across  a  drop  of  blood  several  corpuscles 
^  be  found  cut  in  two  ;  but  this  is  not  accom|)anied  by  any  escape  of 
^U-contents ;  the  two  halves,  on  the  contrary,  assume  a  rounded  form, 
P^'^g  clearly  that  the  corpuscles  are  not  mere  membranous  sacs  with  fluid 
contents  like  fat-cells. 

Wttii* — Water. — ^Wlien  water  is  added  gradually  to  frog's  blood,  the  oval 
disc-shaped  corpuscles  become  spherical,  and  gradually  discharge  their 
^'^oglobin,  a  pale,  transparent  stroma  being  left  behind  ;  human  red 
b^ood-cdlg  change  from  a  discoidal  to  a  spheroidal  form,  and  discharge  their 
^-contents,  becoming  quite  transparent  and  all  but  invisible. 

Solution  of  common  salt  (dilute)  produces  no  appreciable  effect  on  the 
^  blood-cells  of  the  frocr.    In  the  red  blood-ceUs  of  man  the  discoid  aha^ 
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18  excboDged  for  a  spherical  one,  with  spinous  projections,  like  a  horse- 
chestnut    Their  original  forms  can  be  at  once  restored  by 
Pig,  62.      the  use  of  carbonic  acid. 

,^  ^  Acetic  acid  (dilute)  causes  the  nucleus  of  the  red  blood- 

•%7  ^      cells  in  the  frog  to  become  more  clearly  defined ;  if  the  action 
O       i*^  prolonged,  the  nucleus  becomes  strongly  granulated,  and 
all  the  colouring  matter  seems  to  be  concentrated  in  it,  the 
surrounding  cell-substnncc  nnd  outline  of  the  cell  becoming  almost  in- 
visible ;  after  a  time  the  cells  lose  their  colour  altogether.     The  cells  in 
the  figure  represent  the  succeasive  stages  of  the  change.    A 
■Fig'  63.      similar  loss  of  colour  occurs  in  the  red  cells  of  human  blood, 
which,  however,  from  the  absence  of  nuclei,  seem  to  disappear 
entirely. 

Alhilics  cause  the  red  blood -cells  to  swell  and  finally  dis- 
appear. 

Chloroform  added  to  the  red  blood-cells  of  the  frog  canses 
them  to  part  with  their  hsemoglobin  :  the  stroma  of  the  cells 
becomes  gradually  broken  up,  the  nucleus  resisting  disint^jation  longest. 
A  similar  effect  is  produced  on  the  human  red  blood-cell. 

Tannin, — ^When  a  2  per  cent,  solution  of  tannic  acid  is  applied  to  frogs' 
blood  it  causes  the  appearance  of  a  sharply-defined  little  knob,  projecting 

from  the  free  surface  :  the  colouring  matter  becomes  at 

Fig.    64.  the  same  time  concentrated  in  the  nucleus,  which  grows 

»^        <*v  ^^       more  distinct.  A  similar  effect  is  produced  on  the  human 

^d   1^1   V^)       red  blood-cell.    (Roberts.)    Jl/a^r^i^a,  when  applied  to 

^^         ^   \l'       the  red  blood-cells  of  the  frog,  produces  a  similar  little 

i^N  knob  or  knobs,  at  the.  same  time  staining  the  nucleus 

^^  and  causing  the  discharge  of  the  haemoglobin.  (Roberts.) 

The  first  effect  of  the  magenta  is  to  cause  the  dischaige 

of  the  haemoglobin,  then  the  nucleus  becomes  suddenly  stained,  and  lastly  a 

finely  granular  matter  issues  through  the  wall  of  the  corpuscle,  becoming 

stained  by  the  magenta,  and  a  macula  is  formed  at  the  point  of  escape.    A 

similar  macula  is  produced  in  the  human  red  blood-cell. 

Boracic  Acid, — A  2  per  cent,  solution  applied  to  nucleated 

Fig.  65.        YQd  blood-cclLs  (frog)  will  cause  the  concentration  of  all  the 

j^N  /"^      colouring  matter  in  the  nucleus ;  the  coloured  body  thus  formed 

\^\^J/         gradually  quits  its  central  position  and  comes  to  be  partly, 

sometimes  entirely,  protruded  from  the  surface  of  the  noT? 

colourless  cell.    The  result  of  this  experiment  led  Briicke  to  distinguish  thf 

•coloured  contents  of  the  cell  (zooid)  from  its  colourless  stroma  (oecoid). 

When  applied  to  the  non-nucleated  mammalian  corpuscle,  its  effect  merely 

resembles  that  of  other  dilute  acids. 

Oases — Carbonic  Acid. — If  the  red  blood-cells  of  a  frog  be  first  exposed 
to  the  action  of  water-vapour  (which  renders  their  oater 
Fig.  66.  pellicle  more  readily  permeable  to  gases),  and  then  acted  on 
by  carbonic  acid,  the  nuclei  immediately  become  clearly  defined 
nnd  strongly  granulated  ;  when  air  or  oxygen  is  admitted  the 
original  appearance  is  at  once  restored.  The  upper  and  lower 
cell  in  the  figure  show  the  effect  of  carbonic  acid  ;  the  middle 
one  the  effect  of  the  re-admission  of  air.  These  effects  can  be 
reproduced  five  or  six  times  in  succession.  If,  however,  the 
action  of  the  carbonic  acid  be  much  prolonged,  the  granulation  of  the 
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Fig.  67. 


Fig.  68. 


Fig.  69. 


naclcus  becomes  permanent ;  it  appears  to  depend  upon  a  coagulation  of 
the  paraglobnlin.    (Strieker.) 

Amaumia. — Its  effects  seem  to  vary  according  to  the  degree  of  concentra* 
tkm.     Sometimes  the  outline  of  the  corpuscles  becomes 
4liatinctlj  cxenated  ;  at  other  times  the  effect  resembles  that 
dt  boracic  acid,  while  in  other  cases  the  edges  of  the  cor- 
puscles h&gin  to  break  up.    (Lankester.) 

Heat. — ^The  effect  of  heat  up  to  50—60'  C.  is  to  cause 
tbe  formation  of  a  number  of  bud-like  processes. 

EUHricity  causes  the  red  blood-corpusclcs  to  become 
crenated,  and  at  length  mulberry-like.  Finally  they 
TCCOTcr  their  round  form  and  become  quite  pale. 

The  general  conclusions  to  be  drawn  from  these  observations  have  been 
annmed  up  as  follows  by  Prof.  Ray  Lankester. 

*'The  red  blood-corpuscle  of  the  vertebrata  is  a  viscid, 
tnd  at  the  same  time  elastic  disc,  oval,  or  round,  in  out- 
line, its  surface  being  differentiated  somewhat  from  the 
underlying  material,  and  forming  a  pellicle  or  membrane 
of  gieat  tenuity,  not  distinguishable  with  the  highest  powers 
(whilgt  the  corpuscle  is  normal  and  living),  and  having  no  pronounced  inner 
limitation.  The  viscid  mass  consists  of  (or  rather  yieldsy  since  the  state  of 
combination  of  the  components  is  not  known)  a  variety  of 
*UxuniDoid  and  other  bodies,  the  most  easUy  separable  of 
which  is  haemoglobin  ;  secondly  the  matter  which  segr^rates 
to  form  Boberts's  macula ;  and  thirdly,  a  residuary  stroma, 
*Ppuent]y  homogeneous  in  the  mammab'a  (excepting  as  far 
« the  outer  sur&ce  or  pellicle  may  be  of  a  different  chemical 
'^■tQre),  but  containing  in  the  other  vertebrata  a  sharply  de- 
^tole  nucleus,  this  nucleus  being  already  differentiated,  but 
notaharply  delineated  during  life,  and  consisting  of  (or  separable  into)  at 
^  two  components,  one  (paraglobnlin)  precipitable  by  C  0„  and  re- 
movable by  the  action  of  weak  N  H,  ;  the  other  pellucid,  and  not  granulated 
^  acids." 

A  peculiar  property  of  the  red  corpuscles,  which  is  exaggerated 
^  inflammatory  blood,  may  be  here  noticed.  It  gives  them  a 
S^t  tendency  to  adhere  together  in  rolls  or  colunms,  like  piles 
w  coins,  and  then,  very  quickly,  these  roUs  fasten  together  by 
^eir  ends,  and  cluster ;  so  that,  when  the  blood  is  spread  out 
thinly  on  a  glass,  they  form  a  kind  of  irregular  network,  with 
^^'^ds  of  corpuscles  at  the  several  points  corresponding  with  the 
*^  of  the  net  (fig.  70).  Hence,  the  clot  formed  in  such  a  thin 
^er  of  blood  looks  mottled  with  blotches  of  pink  upon  a  whit© 
S'^^'iind :  in  a  larger  quantity  of  such  blood,  as  soon  as  the  cor- 
pnades  have  clustered  and  collected  in  rolls  (that  is,  generally,  in 
^0  or  three  minutes  after  the  blood  is  drawn),  they  begin  to  sink 
^^  quickly;  for  in  the  aggregate  they  present  less  surface  to  the 
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re^stano6  of  the  liqoor  aanguinis  than   they  would   if  emk 
separately.    Thus  quickly  sinking,  they  leave  above  them  a  la 
of  liquor   Bonguiiiia,  and  1 
Fig.  JO."  coagulating,  forms  a  buSyo 

as  before  described,  the  volu 
of  which  is  augmented  by 
white  corpiiaclea,  which  h 
no  tendency  to  adhere  to 
red  oneB,  and  by  their  ligbti 
float  up  clear  of  them. 

ThiH  tendency,  on  the  part  of 
red  corpuscles,  to  fonn  roulcaiL 
probably,  as  Dr.  Norris  sugEC 
only  a  physical  plienomcnon,  c 
parable  tothe  collection  into  so 
what  aimilnr  ronleaox  of  di«c 
cork  when  they  arc  partially 
merscd  in  water. 

Chemical  Composition  of  the  Bed  CorpiuoleB. — As  t! 
exist  in  the  blood  the  coloured  corpuscles  contain  rather  m 
than  one  half  their  weight  of  water. 

The  solids  conttuned  in  the  red  corpuBclea  are  principally  a 
posed  of  a  substance  called  hfcmoglobin,  of  proteids,  cbi 
globulin  (see  Appendix),  and  small  quantities  of  &tty  mat 
inorganic  salts  and  gases. 

In  looo  parts  organic  matter  of  red  corpuscles : 

Hiemo^lobin 905'4 

I'rotdda 86-7 


Of  the  inorganic  Baits  of  the  corpuscles,  with  the  iron  omitted- 
In  rooo  parts  corpuscles  (Sclimidt) : 

rotnesium  Chloride 3'679 

„        Pliosphate 3-343 

„         Sulphate '132 

Sodium             ,,                    ■633 

Calcium                             ,-....  -094 

Magnesium      ..                   -060 

Soda .  -341 

7-282 
"  Fig.  70.    Ited  corpQcdn  in  ronlraiix.    At  n,  0,  are  tw>  wliite  corpni 
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Hsmoglobin. — Hsemoglobiii,  which  enterB  for  more  lai^y  into 
-the  eompooition  of  the  coloured  corpuBcles  than  any  other  iagredient, 
is  an  albuminoua  compound  vith  the  following  composition : — 

Carbon    .       .     ' 540 

Hjdrugeii   ...                 7.25 

Nitroften i6'2s 

Oxypen 21-45 

tkUpboi 0-63 


Allied  ns  it  is  in  chemical  composition  to  albumin,  hiemoglobin 
difltra  remarkably  from  it  in  many  of  its  properties.  The  most 
interesting  and  important  of  these,  physiologically  conaidered, 
•«  (n)  its  power  of  crystallizing,  the  so-called  blooil-crystaU 
being  the  natural  crystalline  forma  of  htemoglobin  ;  and  (h)  its 
*ttniction  for  oiygen  and  some  other  gases. 

Blood-Crystsle. — Haemoglobin  can  be  obtained  in  a  ciystal- 
"M  form  with  Tarious  degrees  of  difficulty  froro  the  blood  of 
<Sifferent  animals,  that  of 


^mu  holding  an  intorme- 
dute  place  in  this  respect. 
Among  the  animals  whose 
"Mood  colouring  -  matter 
«ij«allizes  most  readily  are 
*be  guinea-pig  and  the  dog ; 
"^  in  these  cases  to  obtain 
•^TstalB  it  is  generally  suf- 
ficient to  dilute  a  drop  of 

'Mailly  drawn  blood  with 

*iter  and  expose  it  for  a 

'f*  minutes  to  the  air. 
Light   Bccma    to  favour 

"■^  formation  of  crystals. 

'"  many    instances,    how- 

"ff,  other  means  must  be 

*^opted,  t.g.,  the  addition  of  alcohol,  ether. 


Fig.  71  •• 


'   chloroform,  raj>id 


jip-  71,  73,  73,  illnttnte  aome  of  the  priii<:i[ial  fomw  of  Uood-ciystaJa  : 
r>3-  71.    Fiinu^  from  hunian  blood. 


fteezbg  and  then  thawing,  an  electric  current,  a  'tem 

ct  60°  C,  or  the  addition  of  sodium  sulphate.     Han 
though  soluble  ii 
Pig.  -jt.'  and,     OS    wo     ha' 

crystaUisablo,  is 
fusible,  i.*.,  its 
cannot  pa33  thrc 
pores  of  on  anim 
brane.  Whcu  he 
solution  congula 
hfumoglobiu  beinj 
posed  into  a,  prot 
stance,  globulin, 
cdouring  matter,  i 
A  similar  separs 
be  effected  by  the ; 
somo  acids  and 
UEematinwas  oace 

to  bo  the  natural  colouring  matter  of  the  blood,  but  is  no? 

to  be  a  product  of  the  decomposition  of  htemoglobin. 

Another  very  in 


Pig-  73-t 


derivative  of  hm 
is  Ufemin  or  Ilydr 
of  Hivmatin,  ivhicl 
prepared  as  follow 
A  small  portii 
dried  drop  of  1 
placed  on  a  glai 
together  with  a  fi 
crystals  of  conun 
A  thin  glass  cove 
on,  and  a  drop  ol 
acetic  acid  introd 
noath  it :  heat  is  ^ 
applied,  and  the  e 
salt   washed    aws 


*  Fig.  7a.    TetTBhcdnl  cryetab,  from  blood  of  the  fniiiiieft-pig. 

f  Fig.  73.  Hezsgonal  crystal^  from  blood  of  squirreL  On  theaal 
pktcs,  prismfttie  ciystalt,  grouped  in  a  itelkto  mwner,  not  nof 
occnr  (sftei  F)mk«). 
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water.  A  number  of  small  brownish  crystals  of  a  rhombic 
shape  are  thus  formed.  The  formation  of  these  haemin  crystals 
is  of  great  interest  and  importance  in  a  medico-legal  point  of 
▼iewy  as  it  constitutes  the  most  certain  and  delicate  test  we 
haye  for  the  presence  of  blood  (not  of  necessity  the  blood  of  man) 
in  a  stain  on  clothes,  &o.  It  exceeds  in  delicacy  even  the  spectre- 
Boopic  test  to  be  mentioned  further  on. 

Different  forms  of  blood-crystals  are  shown  in  the  accompany- 
ing figures  (Figs.  7I9  72  and  73). 

Another  most  important  character  of  haemoglobin  is  its  attrac- 
tion for  oxygen,  with  which  it  enters  into  definite  chemical  combi- 
nation (oxyhsemoglobin).  It  also  combines  with  other  gases  (p.  x  2 3). 
Satimation  of  Hmnoglobm. — The  most  exact  method  is  by 
ihe  estimation  of  the  amount  of  iron  in  a  given  specimen  of  blood, 
bat  as  this  is  a  somewhat  complicated  process,  it  has  been  pro- 
posed by  Dr.  Gowers  to  compare  the   colour  of  a  given  small 
wnount  of  diluted  blood  with  glycerine  jelly  tinted  with  carmine 
uid  picrocarmine  to  represent  a  standard  solution  of  blood  diluted 
one  hundred  times.  The  amount  of  dilution  which  the  given  blood 
requires  will  thus  approximately  represent  the  quantity  of  haemo- 
globin it  contains. 

Distribution  of  Hsemoglobin. — In  connection  with  the  as- 
<)0rtained  function  of  haemoglobin  as  the  great  oxygen -carrier,  the 
f<^owing  facts  with  r^ard  to  its  distribution  are  of  importance. 

It  occurs  not  only  in  the  red  blood-cells  of  all  Yertebrata  except 
^e  fish  (leptocephalus)  whose  blood-cells  are  all  colourless,  but 
^  in  similar  cells  in  many  Worms  :  moreover  it  is  found  diffused 
in  the  vascular  fluid  of  some  other  worms  and  certain  Crustacea ; 
^  also  occurs  in  all  the  striated  muscles  of  Mammals  and  Birds. 
I^  is  generally  absent  from  unstriated  muscle  except  that  of  the 
section.  It  has  also  been  found  in  MoUusca  in  certain  muscles  which 
^  ^)ecially  active,  viz.,  those  which  work  the  rasp-like  tongue. 

In  the  muscles  of  Fish  it  has  hitherto  only  been  met  with  in  the 
^  active  muscle  which  moves  the  dorsal  fin  of  the  Hippocampus 
(^y  Lankester). 

^  White  or  ColourleBB  CorpusoleB  of  the  Blood,  or 

Blood-Leucocytes. 
The  colourless  corpuscles  of  the  blood,  which  are  identical  with 
^ph-corpusolesy  are  much  less  numerous  than  the  red.      Ou 
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an  average,  in  health,  there  may  be  one  white  to  400  or  500  n 
corpuscles ;  but  in  disease,  the  proportion  is  often  as  high  as  oi 
to  ten,  and  sometimes  even  much  higher. 

In  health,  the  proportion  varies  considerably  even  in  the  oour 
of  the  same  day.  The  variations  appear  to  depend  chiefly  on  tl 
amount  and  probably  also  on  the  kind  of  food  taken  ;  the  numJ> 
of  leucocytes  being  very  considerably  increased  by  a  meal,  ai 
diminished  again  on  fasting.  Also  in  yoimg  persons,  during  pre; 
nancy,  and  after  great  loss  of  blood,  there  is  a  larger  proportic 

of  colourless   blood-corpuscles,   which    probab 
Fig.  74.*  shows  that  they  are  more  rapidly  formed  undi 

these  circumstances.      In  old  age,  on  the  otb 
hand,  their  proportion  is  diminished. 

They  present  greater  diversities  of  form  thi 

the  red  ones  do  ;  but  the  gradations  between  tl 

extreme  forms  are  so  regular,  that  no  suffieiei 

reason  can  be  found  for  supposing  that  there 

in  healthy  blood  more  than  one  spedes  of  whi: 

corpuscles.     In  their  most   general  appearauc 

they  are  globular,  and  are  about  y^js  o^  coi  ini 

in  diameter  (a,  fig.  70).      They  have  a  greyis 

pearly    look,    appearing    variously    shaded    ( 

nebulous,  the  shading  being  much  darker  in  son 

than  in  others.     They  consist  of  protoplaam  oa 

taining  granules  which  are  in  some  specunei! 

few  and  very  distinct,  in  others  (though  rarely)  veiy  numeioui 

Their  intracellular  network  has  been  already  referred  to  (p.  34 

They  cannot  be  said  to  have  any  true  cell-wall. 

Amceboid  Movement  of  Colonrlesa  Blood  Corpnaolei 
— A  remarkable  property  of  the  colourless  corpuscles,  first  observe 
by  Mr.  Wharton  Jones,  consists  in  their  capability  of  spontaneouBi 
changing  their  shape.  If  a  drop  of  blood  be  examined  with  a  big 
microscope-power  under  conditions  by  which  loss  of  moisture  i 
prevented,  at  the  same  time  that  the  temperatiire  is  maintained  1 
about  the  degree  natiu^  to  the  blood  as  it  circulates  in  the  livin 


*  Fig.  74.  A.  Three  ooloored  blood-corpuscles.  B.  Three  coloariei 
blood-corpuscles  acted  on  by  acetic  acid  ;  the  nuelei  are  veiy  clearly  vittbik 
x9oa 
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body,  the  leucocytes  can  be  seen  alternately  contracting  and 
dilating  veiy  slowly  at  various  parts  of  their  circumference, — 
shooting  out  irregular  processes,  and  again  withdrawing  them 
partially  or  completely,  and  thus  in  succession  assuming  various 
irregular  forms  (fig.  75). 

These  amaboid  movements  (p.  31)    are  characteristic  of  the 
living  leucocyte,  and  form  a  good  example  of  the  contractile 
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property  of  protoplasm,  before  referred  to.  Indeed,  the  unchang- 
ing rounded  form  which  the  corpuscles  present  in  ordinaiy  micro- 
scopic specimens  must  be  looked  upon  as  the  shape  natural  to  a 
^  coipuscle,  or  one  whose  vitality  is  dormant,  rather  than  as 
^  proper  shape  of  one  living  and  active. 

In  many  lower  vertebrata,  sach  as  the  newt,  two  or  three  distinct  kinds 
<j{  colourless  blood  corpuscles  may  be  distingaished,  aid  their  morements 
ne  both  more  rapid,  and  the  resulting  changes  of  form  more  extreme,  than 
in  human  colourless  corpuscles. 

Attun  of  Reagents, — Water  checks  the  amoeboid  movements  and  causes 
^  corpuscle  to  become  globular :  the  nuclei,  when  multiple,  coalesce  into 
one,  and  the  cell  suddenly  bursts,  discharging  its  contents. 

Aeetk  Acid  (dilute)  causes  the  cessation  of  the  amoeboid  movements  and 
^  clear  definition  of  the  nucleus  or  nuclei,  together  with  the  appearance  of 
PUMiies.    (Fig.  74.^^ 

If  some  fine  pigment-granules  be  added  to  a  fluid  containing 
^okmrless  blood-coipuscles,  on  a  glass  slide,  these  will  be  observed, 
Qoder  the  microscope,  to  take  up  the  pigment.  In  some  cases 
cokmrless  blood-corpuscles  have  been  seen  with  fragments  of 
oolonred  ones  thus  imbedded  in  their  substance. 

Coloorless  blood-corpuscles  have  been  observed  to  multiply  by 
bdoD. 


*  Fig.  75.      Human   colourless  blood-corpuscle,   showing  its  successive 
cbngeaof  outline  within  ten  minutes  when  kept  moist  on  a  warm  stage 

(SdMfifld). 
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The  locomotion  of  leucocytes  has  been    already  referred  t 

(P-  32). 

Besides  the  red  and  white  corpuscles,  the  microscope  reveal 

numerous  minute  molecules  or  granules'  in  the  blood,  circular  c 
spherical,  and  vaiying  in  size  from  the  most  minute  visible  spec 
to  ^®  TTPnr  ^^  <^  ^^^^  (Gulliver).  These  molecules  are  ver 
similar  to  those  found  in  the  lymph  and  chyle,  and  are  some  ( 
them  fatty  (being  soluble  in  ether),  others  probably  albuminoui 
Generally,  also,  there  may  be  detected  in  the  blood,  especial] 
diuing  the  time  of  active  digestion,  very  minute  equal-sized  fiitt 
particles,  similar  to  those  of  which  the  molecular  base  of  chyle  i 
constituted  (Gulliver). 

The  Serum. 

The  serum  is  the  liquid  part  of  the  blood  remaining  after  tl 
separation  of  the  clot.  It  is  an  alkaline,  yellowish  fluid,  with, 
specific  gravity  of  from  1025  to  1030.  In  the  usual  mode 
coagulation,  part  of  the  serum  remains  in  the  clot,  and  the  rei 
squeezed  from  the  clot  by  its  contraction,  lies  around  it.  Sin 
the  contraction  of  the  clot  may  continue  for  thirty-six  or  mo 
hoiu^,  the  quantity  of  serum  in  the  blood  cannot  be  even  rouglx 
estimated  till  this  period  has  elapsed. 

Chemical  Composition  of  the  Serum, 

Water about    900 

Proteids. 

a.  Serum  albumin •  ^    o 

iS.  Paraglobulin (    ^ 

Salts. 

Fats — including   fatty  acids,   cholesterin,  lecithin,  and 
some  soaps     .        .        * 

Grape  sugar  in  small  amount 

Extractives — ^kreatin,  kreatinin,  urea,  &c.         .        .        . 

Yellow  pigment,  which  is  independent  of  haemoglobin   . 

Oases — small    amounts  of  oxygen,  nitrogen,  and   car- 
bonic acid J 


20 


1000 


Water. — Varies  in  amount  according  to  the  amount  of  fo(K 
drink,  and  exercise,  and  with  other  circumstances. 

Proteids. — a.  Serum  albumin  is  the  chief  native  albumin  £niiu 
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in  the  body.  It  is  precipitated  on  heating  the  serum,  and  also  by 
the  addition  of  strong  acids,  such  as  nitric  and  hydrochloric.  It 
u  not  precipitated  on  addition  of  ether,  and  so  differs  from  the 
other  native  albumin,  viz.,  egg  albumin. 

/3.  ParagldnUin  can  be  obtained  as  a  white  precipitate  fix>m 
oold  serum  by  adding  a  considerable  excess  of  water  and  passing 
through  it  a  current  of  carbonic  acid  gas.  It  can  also  be  obtained 
by  saturating  serum  with  crystallized  chloride  of  sodium  or  sul- 
phate of  magnesiimL  When  obtained  in  the  latter  way  the  pre- 
cipitation seems  to  be  much  more  complete  than  by  means  of  the 
former  method.  Paraglobulin  belongs  to  the  class  of  proteids 
called  globulins. 

After  the  precipitation  of  paraglobulin  by  the  carbonic  acid 
o^ethod,  there  remains  another  globulin  which  may  be  precipitated 
by  further  diluting  the  serum  and  by  passing  a  brisk  current  of 
carbonic  acid  through  it.  This  globulin  may,  however,  be  part  of 
^e  paraglobulin  which  has  not  been  precipitated. 

Globalins  diifer  from  albuxnins  principally  in  not  being  soluble  in  water, 
^hey  aze,  howeYCTi  solable  in  dilate  saline  solutions.  The  paraglobulin  of 
fhe  aennn  may  possibly  be  contained  in  the  corpuscles  before  coagalatioii,^- 
^  not,  it  is  kept  in  solution  in  the  serum  by  the  salts  of  the  latter. 

Baits. — The  following  inorganic  salts  are  contained  in  blood 
plasma.     (Schmidt  quoted  by  Foster.) 

In  1000  Parti  PUuma, 

Potassinm  chloride '359 

Potassium  sulphate *28i 

Sodium  phosphate '271 

Calcium  phosphate '298 

Hagnesium  phosphate *2i8 

Soda 1*532 

Sodium  chloride 5*546 

8505 

l^^rom  which  it  may  be  seen  that  the  salts  of  sodium  predominate, 
^^d  that  of  these  the  chloride  generally  forms  by  far  the  largest 
proportion. 

FaU  are  present  partly  in  the  form  of  soaps,  partly  as  fatty 
^cids  and  partly  emulsified. 


Il8  THE   BLOOD.  [cha.p. 

The  amount  of  fatty  matter  varies  according  to  the  time  niU 
and  the  ingredients  of,  a  meal 

Of  chcletterin  and  lecithin  there  are  mere  traces. 

Grape  sugar  is  foimd  principally  in  the  blood  of  the  hepai 
vein. 

The  extractives  vary  from  time  to  time ;  sometimes  uric  ai 
hippuric  acids  are  found  in  addition  to  urea^  kreatin  and  krc 
tinin. 

The  yellow  pigment  of  the  serum  and  the  odorous  matter  whic 
gives  the  blood  of  each  particular  animal  a  peculiar  smell,  have  m 
yet  been  properly  isolated. 


Variations  in  healthy  Blood  under  different 

Cironmstanoes. 

The  conditions  which  appear  most  to  influence  the  compositic 
of  the  blood  in  health,  are  these :  Sex,  Pregnancy,  Age,  ai 
Temperament  The  composition  of  the  blood  is  also,  of  cours 
much  influenced  by  diet. 

1.  Sex. — The  blood  of  men  differs  from  that  of  women,  chiefly  in  being 
somewhat  higher  specific  gravity,  from  its  containing  a  relatively  larg 
quantity  of  red  corpuscles. 

2.  Pregnancy, — The  blood  of  pregnant  women  has  a  rather  lower  spect 
gravity  than  the  average,  from  deficiency  of  red  corpuscles.  The  quanta 
of  white  corpuscles,  on  the  other  hand,  and  of  fibrin,  is  increased. 

3.  Age. — From  the  analysis  of  Denis  it  appears  that  the  blood  of  the  fce^^ 
is  very  rich  in  solid  matter,  and  especially  in  red  corpuscles ;  and  this  cc 
dition,  gradually  diminishing,  continues  for  some  weeks  after  birth.  % 
quantity  of  solid  matter  then  falls  during  childhood  below  the  average,  agJ 
rises  during  adult  life,  and  in  old  age  falls  again. 

4.  Temperament. — But  little  more  is  known  concerning  the  connection 
this  with  the  condition  of  the  blood,  than  that  there  appears  to  be  a  relative 
larger  quantity  of  solid  matter,  and  particularly  of  red  corpuscles,  in  the 
of  a  plethoric  or  sanguineous  temperament. 

5.  i>i^.— Such  differences  in  the  composition  of  the  blood  as  are  dne  t 
the  temporary  presence  of  various  matters  absorbed  with  the  food  and  drinl 
as  well  as  the  more  lasting  changes  which  must  result  from  generous  or  poo 
diet  respectively,  need  be  here  only  referred  to. 

Effects  of  Bleeding, — The  result  of  bleeding  is  to  diminish  the  spedfi 
gravity  of  the  blood ;  and  so  quickly,  that  in  a  single  venesection,  ^ 
portion  of  blood  last  drawn  has  often  a  less  specific  gravity  than  that  of  13) 
blood  that  flowed  first  (J.  Davy  and  Polli).  This  is,  of  course,  due  to  al 
sorption  of  fluid  from  the  tissues  of  the  body.  The  physiological  impoit  < 
this  fact,  namely,  the  instant  absorption  of  liquid  from  the  tissues,  is  tl 
same  as  that  of  the  intense  thirst  which  is  so  common  after  either  loss  < 
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i>lood,  or  the  abstraction  from  it  of  watery  fluid,  as  in  cholera,  diabetes,  and 
tfaelike. 

For  some  little  time  after  bleeding,  the  want  of  red  blood-cells  is  well 

outticed ;  bat  with  this  exception,  no  considerable  alteration  seems  to  be 

pvodnced  in  the  composition  of  the  blood  for  more  than  a  very  short  time  : 

ibe  loss  of  the  other  constitaents,  including  the  pale  corpuscles,  being  very 

quickly  repaired. 

^ariatloxiff  in  the  Composition  of  the  Blood,  in  different 

Parts  of  the  Body. 

The  composition  of  the  blood,  as  might  be  expected,  is  found 
^  vary  in  different  parts  of  the  body.  Thns  arterial  blood 
Offers  fix)m  venous ;  and  although  its  composition  and  general 
^fe^fcracters  are  uniform  throughout  the  whole  course  of  the 
^^temic  arteries,  they  are  not  so  throughout  the  venous  system, 
^t;he  blood  contained  in  some  veins  differing  remarkably  from 
^^^t  in  others. 

Differences  between  Arterial  and  Venous  Blood.— The 
Terences  between  arterial  and  venous  blood  are  these  : — 
(a.)  Arterial  blood  is  bright  red,  from  the  fact  that  almost  all 
haemoglobin  is  combined  with  oxygen  (Oxyhsemoglobin,  or 
^Oarlet  haemoglobin),  while  the  purple  tint  of  venous  blood  is  duo 
the  deoxidation  of  a  certain  quantity  of  its  oxyhaemoglobin,  and 
consequent  reduction  to  the  purple  variety  (Deoxidised,  or 
pxirple  hsemoglobin). 

(6.)  Arterial  blood  coagulates  somewhat  more  quickly, 
(c.)  Arterial  blood  contains  more  oxygen  than  venous,  and  less 
^^arbonic  acid. 

The  greater  part  of  the  beemoglobin  in  both  arterial  and  venous 
^lood  exists  in  the  scarlet  or  more  highly  oxidised  condition,  and 
^^j  a  small  part  is  deoxidised  and  made  purple  in  its  passage 
^m  the  arteries  into  the  veins. 

Some  of  the  veins  contain  blood  which  differs  from  the  ordinary 
^dard  considerably.  These  are  the  Portal,  the  Hepatic,  and 
the  Splenic  veins. 

Portal  tein. — ^The  blood  which  the  portal  vein  conveys  to  the  liver  is 
^plied  from  two  chief  sources ;  namely,  that  in  the  gastric  and  mesenteric 
reins,  which  contains  the  solable  elements  of  food  absorbed  from  the  stomach 
and  intestines  daring  digestion,  and  that  in  the  splenic  vein  ;  it  must,  there- 
fore, combine  the  qualities  of  the  blood  from  each  of  these  sources. 

The  blood  in  the  gastric  and  mesenteric  veins  will  vary  much  according 
to  the  stage  of  digestion  and  the  nature  of  the  food  taken,  and  can  therefore 
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be  seldom  exactly  the  same.  Speaking  generally,  and  withoat  considering  t 
sugar,  dextrin,  and  other  solable  matten  which  may  have  been  abaarb 
from  the  alimentary  canal,  this  blood  appears  to  be  deficient  in  solid  matte 
especially  in  red  corpuscles,  owing  to  dilation  by  the  quantity  of  wv 
absorbed,  to  contain  an  excess  of  albumin,  and  to  yield  a  less  tenacious  ki 
of  fibrin  than  that  of  blood  generally. 

The  blood  from  the  splenic  vein  is  generally  deficient  in  red  corposd 
and  contains  an  unusually  large  proportion  of  albumin.  The  fibrin  see 
to  vary  in  relative  amount,  but  to  be  almost  always  above  the  average.  1 
proportion  of  colourless  corpuscles  is  also  unusually  large.  The  whole  qoi 
tity  of  solid  matter  is  decreased,  the  diminution  appearing  to  be  chiefly 
the  proportion  of  red  corpuscles. 

The  blood  of  the  portal  vein,  combining  the  peculiarities  of  its  two  facte 
the  splenic  and  mesenteric  venous  blood,  is  usually  of  lower  specific  gisv 
than  blood  generally,  is  more  watery,  contains  fewer  red  corpuscles,  m« 
albumen,  chiefly  in  the  form  of  albuminose,  and  yields  a  less  firm  dot  tfc 
that  yielded  by  other  blood,  owing  to  the  deficient  tenacity  of  its  fibrin. 

Guarding  (by  ligature  of  the  portal  vein)  against  the  possibilitj  of 
error  in  the  analysis  from  regurgitation  of  hepatic  blood  into  the  portal  ve 
recent  observers  have  determined  that  hepatic  venous  blood  contains  I 
water,  albumin,  and  salts,  than  the  blood  of  the  portal  vein ;  bat  that 
yields  a  much  laiger  amount  of  extractive  matter,  in  which,  according 
Bernard  and  others,  is  one  constant  element,  namely,  grape-sugar,  whidi 
found,  whether  saccharine  or  farinaceous  matter  have  been  present  in  1 
food  or  not 

The  GaseB  of  the  Blood. 

The  gases  contained  in  the  blood  are  carbonic  acid,  oxygen,  a] 
nitrogen,  loo  voliunes  of  blood  containing  fix>m  50  to  60  yolum 
of  these  gases  collectively. 

Arterial  blood  contains  relatively  more  oxygen  and  less  carboi 
acid  than  venous.  But  the  absolute  quantity  of  carbonic  acid 
in  both  kinds  of  blood  greater  than  that  of  the  oxygen. 

Oxygen,  Carbonic  Acid,       Kitragei 

Arterial  Blood     .       .        20  vol.  per  cent.    39  voL  per  cent,     i  to  2  vo! 

Venous      „ 

(from  muscles  at  rest) .  8  to  12    ,,     „     „        46   „     „     „      .   i  to  2  vo! 

Oxygen  of  the  Blood. — ^A  very  small  proportion  of  the  oxyg< 
which  can  be  obtained  from  the  blood  is  simply  dissolved  in  tb 
fluid.  The  main  reason  for  coming  to  this  conclusion  is  thj 
it  does  not  obey  the  law  of  absorption  of  gases  according  1 
pressure.  If  the  gas  were  in  simple  solution,  the  amount  of  oxygc 
in  any  given  quantity  of  blood  exposed  to  any  given  atmosphei 
ought  to  vary  with  the  amount  of  oxygen  contained  in  it,  but  th 
is  not  the  case.     For  if  we  expose  blood  which  contains  little  < 
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oxjgen  to  a  succession  of  atmospheres  containing  more  and 

ore  of  that  gas,  we  find  that  the  absorption  is  at  first  very  £Eist 

but  aoon  becomes  slower  and  slower,  until  it  finally  ceases,  and 

oonverselj  if  we  submit  arterial  blood  to  successively  dimin- 

presBures  we  find  that  at  first  very  little  is  given  off  and 

en  suddenly  the  escape  is  very  rapid.     Very  little  oxygen  can  be 

VDtained  from  serum  freed  from  blood  corpuscles,  even  by  the 

^^uougest  mercurial  air-pump,  neither  can  serum  be  made  to 

^Lworb  a  lai^  quantity  of  the  gas ;  the  small  quantity  which  is 

obtained  or  so  absorbed  following  the  laws  of  absorption  accord- 

g  to  pressure.     It  is  therefore  plain  that  the  chief  part  of  the 

:ygen  must  be  contained  in  the  corpuscles  of  which  the  chief 

nstitaent  is  hannoglobin.    This  substance  is  crystallisable  and 

soluble  in  water  or  serum,  the  colour  of  the  crystals  seen 

the  microscope  as  well  as  of  their  solution  being  bright 

like  that  of  arterial  blood. 

A  dilute  solution  of  haemoglobin  gives  a  characteristic  appear- 

with  the  spectroscope.     Two   absorption   bands   are   seen 

ween  the  solar  lines  n  and  e  (fig.  76),  one  towards  the  red, 

ith  its  middle  line  some  little  way  to  the  blue  side  of  d,  is  very 

tense,  but  narrower  than  the  other,  which  lies  near  to  the  red 

i^e  of  E.     Each  band  is  darkest  in  the  middle  and  fades  away  at 

e  sides.     As  the  strength  of  the  solution  increases  the  bands 

me  broader  and  deeper,  and  both  the  red  and  the  blue  ends 

the  spectrum  become  encroached  upon  until  the  bands  coalesce 

form  one  very  broad  band.    Exactly  the  same  appearances  are 

with  diluted  arterial  blood. 
We  find  that  crystals  of  haemoglobin  when  subjected  to  the 
Baercurial  air-pump  give  off  a  certain  definite  quantity  of  oxygen 
and  change  colour  from  scarlet  to  deep  blue.  This  oxygen  appears 
iiot  to  form  part  of  their  composition  but  to  be  in  loose  combina- 
tion only.  A  solution  of  heemoglobin,  like  its  crystals,  may  be 
^*^  to  give  up  oxygen,  becoming  purple  in  a  similar  manner. 
With  the  spectroscope,  a  solution  of  deoxidised  haemoglobin  is 
found  to  give  an  entirely  different  appearance  from  that  of  oxidised 
^oglobin.  Instead  of  the  two  bands  at  n  and  e  wc  find  a 
'•',;.-.  '  ^e  broader  but  fainter  band  occupying  a  position  midway 
;  * ;  .  '        tetween  the  two,  and  at  the  same  time  less  of  the  blue  end  of  the 

*  

^  V  X  ^pcctrom  is  absorbed.   Even  in  strong  solutions  this  appearance  is 
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found,  thereby  difieriDg  from  tfao  atrong  solution  of  oxidiaed 
heemt^lobin  Tbich  lets  throiigh  the  red  and  onnge  fellow  rays ; 
accordingly  the  one  appears  purple,  the  other  red.  The  deoxidised 
orystals  or  their  solutions  quickly  absorb  oxygen  on  exposure  to 
the  air,  becoming  scarlet.     If  solutions  of  blood  be  taken  instead 
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of  solutions  of  bicmc^lobin,  results  similar  to  the  whole  of  the 
foregoing  can  be  obtaiEed, 

Thus  ve  have  seen,  firstly,  that  the  oxygen  is  not  simply  dis- 
solved in  the  serum,  and  that  it  is  probably  contained  in  the 
hemoglobin  of  the  corpuscles ;  and  secondly,  that  the  heemoglobiu 
is  capable  of  holding  oxygon  in  loose  combination  and  of  giving  it 
np  under  certain  conditions.  From  this  wo  conclude  that  tie 
oxygen  of  arterial  blood  is  bold  in  combination  with  hsemt^lobin, 
and  we  call  the  oxidised  compound  oxyhiEmoglobin,  which  is  a 
scarlet  substance.  The  dooxidiaed  or  reduced  heemoglobin  is 
found,  although  in  much  smaller  amount  than  the  oxyluemc^lobin, 
in  venous  blood,  and  is  purple. 

Carbonic  Add  of  the  Blood, — The    carbonic    acid   of   the 


•  Thu  stnilent  to  whom  tho  terms  tmiiloyed  in  connection  with  b] 
snnlyiis  are  not  fnmiliar,  is  ndvised  to  consult,  with  i«rei«nce  to  this  [ui- 
gi*pb,  an  dementary  treatise  on  Physica. 
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blood  is  parti;  in  a  state  of  ^tnple  Bolutiou,  and  partly  in  a  state 
rf  weak  chemical  combination.  That  portion  of  the  carbonic  acid 
vhich  is  ohemictdly  combined,  is  contained  in  bicarbonate  of 
Mdium. 

Hltrogen  of  tlie  Blood. — It  is  not  known  in  what  condition 
the  nitn^n  exists  in  the  blood,  but  it  is  probably  partly  in  Bolu- 
tion  and  pttrtly  in  loose  chemical  combination. 

Aotion  of  Gflses  on  Hsenu^lobin. 
HK  oxiile.  passed  through  a  solution  of  hecmoglobin,  causes 
e  a  bloisb  colour,  and  the  spectrum  is  slightly  altered ; 
inds  ore  utill  visible,  but  are  somewhat  nearer  the  blue 
ead  than  those  of  ozyhtemoglobin.  The  amount  of  C  O  is 
eqnAl  to  the  nmoont  of  the  0  displaced.  Although  the  carbonic 
tadde  gaa  readily  displaces  oxygen  the  reverse  is  not  the  case,  and 
npon  this  property  depends  the  dangerous  effect  of  coal  gas  poison- 
ing. Coal  gas  coatfuns  much  C  0,  and  this  at  once,  when  breathed, 
eombines  with  the  hiemoglobin  of  the  blood,  producing  a  com- 
pound which  canoot  easily  be  reduced,  and  since  it  is  by  no  means 
in  osTgen  carrier,  death  may  result  from  suffocation  from  want  of 
i^gan  notwithstanding  the  free  entry  into  the  lungs  of  pure 
vr. 

SUrie  oxide  produces  a  similar  compound  to  the  carbonic  oxide 
hrouglobin,  which  is  eren  less  easily  reduced. 
Sitrou$  oxide  reduces  oxyhoimoglobin. 

Eitraotloii  of  Gases  bom  the  Blood. — This  is  accomplished 
bjmennsofamercurialair-pump,  of  which  there  are  many  varieties, 
tWcof  Ludwig,  Alvergnidt,  Cteisaler,  and  Sprengel  being  the  chief. 
The  principle  of  action  in  all  is  much  the  same.  Ludwig's  pump, 
vhich  may  he  taken  as  a  type,  consists  of  two  large  glass  globes,  of 
*hicli  one  is  fixed,  and  is  connected  by  means  of  a  stout  caout- 
Aonc  tube  with  the  other,  which  can  he  raised  or  lowered  at  will. 
Thefiied  globe  communicates  by  air-tight  stopcocks  with  receivers, 
•Hwof  vhich  contains  the  blood,  the  other  collects  the  gtis.  The 
"Wsble  globe  filled  with  mercury  is  first  raised  above  the  other 
globe  BO  that  the  meroujy  runs  into  and  fills  the  latter,  driving 
out  the  ur  contained  in  it,  and  is  then  lowered  30  inches  below 
the  Gied  globe,  thereby  producing  a  partial  vacuum  by  with- 
drsiing  ^^  marouiy.     Next  the  receiver  containing  the  blood  ia 
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put  into  connection  with  the  exhausted  globe  by  turning  the  stop- 
cock. The  gas  which  is  thus  obtained  in  the  globe  is  then  driven 
into  the  second  receiver.  This  proceeding  is  gone  through  several 
times  and  until  all  the  gas  is  extracted  from  the  blood. 

Development  of  the  Blood. 

In  the  development  of  the  blood  little  more  can  be  traced  than 
the  processes  by  which  the  corpuscles  are  formed. 

The  first  formed  blood-cells  of  the  human  embryo  differ  much  ^ 
in  their  general  characters  from  those  which  belong  to  the  latter" 
periods  of  intra-uterinc,  and  to  all  periods  of  extra-uterine  life-* 
Their  manner  of  origin  differs  also,  and  it  will  be  well  perhaps^ 
to  consider  this  first. 

The  formation  of  the  first  blood-corpuscles  is  veiy  simple.-^ 
AVhile  the  outermost  of  the  embryonic  cellsy  of  which  the  rudi — 
mentary  heart  and  its  attendant  vessels  are  composed,  are  gradoall^^ 
developed  into  the  muscular  and  other  tissues  which  form  th^ 
walls  of  the  heart  and  blood-vessels,  the  inner  ceUs  simply  sepa — 
rate  from  each  other,  and  form  blood-cells;  some  fluid  plasmsi^ 
being  at  the  same  time  secreted.  Thus,  by  the  same  process, 
blood  is  formed,  and  the  originally  solid  heart  and  blood-vessels 
are  hollowed  out. 

The  blood-cells  produced  in  this  way,  are  from  about  -rJ^  to 
Y^  of  an  inch  in  diameter,  mostly  spherical,  pellucid,  and 
colourless,  with  granular  contents,  and  a  well-marked  nucleus. 
Gradually,  they  acquire  a  red  colour,  at  the  same  time  that  the 
nucleus  becomes  more  defined,  and  the  granular  matter  dears 
away.  Sir  J.  Paget  describes  them  as,  at  this  period,  circular, 
thickly  disc-shaped,  full-coloured,  and,  on  an  average,  about 
^^^  of  an  inch  in  diameter ;  their  nuclei,  which  are  about  fj}^ 
of  an  inch  in  diameter,  are  central,  circular,  very  little  prominent 
on  the  surfaces  of  the  cell,  and  apparently  slightly  granular  or 
tuberculated. 

Before  the  occurrence,  however,  of  this  change — ^from  the 
colourless  to  the  coloured  state — in  many  instances,  probably, 
during  it,  and  in  many  afterwards,  a  process  of  multiplication 
takes  place  by  division  of  the  nucleus  and  subsequently  of  the 
cell,  into  two,  and  much  more  rarely,  three  or  four  new  cells. 
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^rliich  gradually  acquire  the  characters  of  the  original  cell  from 
Which  they  sprang.     (Fig.  77.) 

When,  in  the  progress  of  embryonic  developmenty  the  liver 
l>«^ii8  to  be  formed,  the  multiplication  of  blood-cells  in  the 
'wliole  mass  of  blood  ceases,  according  to  Kolliker,  and  new 
Uood-cells  are  produced  by  this  organ.  Like  those  just  de- 
scribed, they  are  at  first  colourless  and  nucleated,  but  afterwards 
acquire  the  ordinary  blood-tinge,  and  resemble  very  much  those 


^mi^ 


D 


E 


"  the  first  set.  Like  them  they  may  also  multiply  by  division. 
^^  whichever  way  produced,  however,  whether  from  the  original 
«*tj[jative  cells  of  the  embryo,  or  by  the  liver,  these  coloured 
^^cleated  cells  begin  very  early  in  foetal  life  to  be  mingled  with 
^'^loupBd  non-nucleated  corpuscles  resembling  those  of  the  adult, 
^d  about  the  fourth  or  fifth  month  of  embryonic  existence  are 
^'^^^^pletely  replaced  by  them. 

The'manner  of  origin  of  these  perfect  non-nucleated  corpuscles 
''^^^et  be  now  considered. 

^       I.  Concerning  the  Cells  from  wlUch  they  arise, 

<i.  Before  Birth. — It  is  uncertain  whether  they  are  derived  only 
"^xn  the  cells  of  the  lymph,  which,  at  about  the  period  of  their 

^  Fig-  77*     Development  of  the  first  set  of  blood-corpuacles  in  the  mam- 

^^^lian  embryo,    a.  A  dotted,  nucleated  embryo-cell  in  process  of  conversion 

^^  a  Uood-corpnBcle  :  the  nucleus  provided  with  a  nucleolus,     b.  A  similar 

^^^  with  a  dividing  nucleus  ;  at  c,  the  division  of  the  nucleus  is  complete  ;  at 

'^  the  cell  also  is  dividing,     e.  A  blood-corpuscle  almost  complete,  but  still 

Cfttitiiiiing  a  few  gnmules.    f.  Perfect  blood-corpuscle. 
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appearance,  begins  to  be  poured  into  the  blood ;  or  whether  they 
are  derived  ahso  from  the  nucleated  red  cells,  which  they  replace, 
or  also  fi-om  similar  nucleated  cells,  which  Kulliker  thinks  are 
produced  by  the  liver  during  the  whole  time  of  fostal  existence. 

b.  After  Birth. — It  is  generally  agreed  that  after  birth  the  red 
cori)uscles  are  derived  from  the  smaller  of  the  nucleated  lymph 
or  chyle-corpuscles, — the  colourless  corpuscles  of  the  blood. 

These  white  corpuscles  are  probably  derived  chiefly  from  the 
lymphatic  glands,  spleen,  and  the  medulla  of  bone;  they  also 
originate  from  the  cells  shed  off  from  the  germinating  portions 
of  serous  membranes,  and  taken  up  into  the  lymphatics  through 
the  stonuUa, 

II.  Concerning  the  Manner  of  tlieir  Development. 

There  is  not  perfect  agreement  among  physiologists  concerning" 
the  process  by  which  lymph-globules  or  white  corpuscles  (and  in. 
the  fa3tus,  perhaps  the  red  nucleated  cells)  are  transformed  inta^ 
red  non-nucleated  blood-cells.     For  while  some  maintain  that  th^ 
whole  cell  is  changed  into  a  red  one  by  the  gradual  clearing  up  o^ 
the  contents,  including  the  nucleus,  it  is  believed  by  Mr.  WhartoiE 
Jones  and  many  others,  that  only  the  nucleus  becomes  the  red 
blood-cell,  by  escaping  from  its  envelope  and  acquiring  the  ordinary 
blood-tint.     The  former  view  is  now  usually  accepted. 

Profcfisor  Rindflclsch  asserts  that  the  red  corpuscles,  both  in  embiyos  and 
in  more  advanced  individanls,  are  derived,  in  part  at  any  rate,  from  the  red- 
coloured  cells  of  the  bone  marrow,  by  the  escape  and  atrophy  of  their  nuclei 
and  the  subsequent  contraction  of  the  cells  themselves.  He  describes  ^e 
nuclei  of  these  cells  in  the  act  of  escaping,  lying  just  within  the  cell  body, 
or  protruding  from  or  even  hanging  by  a  mere  thread  to  it.  He  has,  more- 
over, seen  the  freed  nucleus,  and  has  watched  the  change  of  the  irregular 
collapsed  body  of  the  cell  into  the  onlinary  shape  of  the  red  corpuscle.  ThiB 
investigation  of  liindfleisch  may  explain  the  reason  why  all  Uie  efforts  to 
discover  the  remains  of  the  atrophied  nucleus  within  the  red  corpuyle  have 
been  unsuccessful. 

Without  doubt,  the  red  corpuscles  have,  like  all  other  parts  of 
the  organism,  a  tolerably  definite  term  of  existence,  and  in  a  like 
manner  die  and  waste  away  when  the  portion  of  work  allotted  to 
them  has  been  performed.  Neither  the  length  of  their  life,  how- 
ever, nor  the  fashion  of  their  decay,  has  been  yet  clearly  made 
out. 
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Qzowth  and  Maantenanoe  of  the  Blood. — From  what  has 
been  said,  it  will  have  appeared  that  when  the  blood  is  once  formed,  its 
^Tinoth  and  maintenance  are  effected  by  the  constant  repetition  of  the 
development  of  new  portions.  In  the  same  proportion  that  the  blood 
^"ields  its  materials  for  the  maintenance  and  repair  of  the  several 
solid  tissues,  and  for  secretions,  so  are  new  materials  supplied  to  it 
io  the  lymph  and  chyle,  and  by  development  made  like  it  The  part 
of  the  process  which  relates  to  the  formation  of  new  corpuscles  has 
^^cen  described,,  but  it  is  probably  only  a  small  portion  of  the  whole 
process;  for  the  assimilation  of  the  new  materials  to  the  blood 
'oust  be  i)erfect,  'in  regard  to  all  those  immeasurable  minute  par- 
ticulars by  which  the  blood  is  adapted  for  the  nutrition  of  every 
tissue,  and  the  maintenance  of  every  .peculiarity  of  each.  How 
piBcise  the  assimilation  must  be  for  such  an  adaptation,  may  be 
<^<>uceived  from  some  of  the  coses  in  which  the  blood  is  altered  by 
disease,  and  by  assimilation  is  maintained  in  its  altered  state, 
^or  example,  by  the  insertion  of  vaccine  matter,  the  blood  is  for 
*  short  time  manifestly  diseased ;  however  minute  the  portion  of 
Tirusy  it  affects  and  alters,  in  some  way,  the  whole  of  the  blood. 
^d  the  alteration  thus  produced,  inconceivably  slight  as  it  must 
^s  is  long  maintained;  for  even  very  long  after  a  successful 
^^^ccination,  a  second  insertion  of  the  virus  may  have  no  effect, 
^e  blood  being  no  longer  amenable  to  its  influence,  because  the 
^^w  blood,  formed  after  the  vaccination,  is  made  like  the  blood 
**  altered  by  the  vaccine  virus ;  in  other  words,  the  blood  exactly 
^^^itnilates  to  its  altered  self  the  materials  derived  from  the 
^J^ph  and  chyle.  In  health  we  cannot  see  the  precision  of  the 
^Justment  of  the  blood  to  the  tissues ;  but  we  may  imagine  it 
°^iki  the  small  influences  by  which,  as  in  vaccination,  it  is  dis- 
^'^Ijed ;  and  we  may  be  sure  that  the  new  blood  is  as  perfectly 
^^^imilated  to  the  healthy  standard  as  in  disease  it  is  assimilated 
^  the  most  minutely  altered  standard. 

Ilow  far   the   assimilation   of   the  blood  is  affected   by  any 

^^^^^tuative  power  which  it  may  possess  in  common  with  the  solid 

"^•^^sue,  we  know   not      That  this  possible   formative  power  is, 

^o^ever,  if  present,  ministered  to  and  assisted   by  the  actions 

^  other  parts  there  can  be  no  doubt ;  as  ist,  by  the  digestive 

^^d  absorbent  systems,   and  by  the   liver,  and   all   of  the  so- 

<»lled  vascular  glands;    and,   2ndly,   by  the   excretory  organs. 
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which  separate  from  tho  blood  refuse  materials,  induding  in 
this  term  not  only  the  waste  substance  of  the  tissues,  but  also 
such  matters  as,  having  been  taken  with  food  and  drink,  may 
have  been  absorbed  from  the  digestive  canal,  and  have  been  sub- 
sequently found  unfit  to  remain  in  the  circulating  current.  And, 
$rdlyj  the  precise  constitution  of  the  blood  is  adjusted  by  the 
balance  of  the  nutritive  processes  for  maintaining  the  seveml 
tissues,  so  that  none  of  the  materials  appropriate  for  the  main- 
tenance of  any  part  may  remain  in  excess  in  the  blood.  Each 
part,  by  taking  from  the  blood  the  materials  it  requires  for  its 
maintenance,  is,  as  has  been  observed,  in  the  relation  of  an  ex- 
cretory organ  to  all  the  rest ;  inasmuch  as  by  abstracting  the 
matters  proper  for  its  nutrition,  it  prevents  excess  of  such  matter 
as  effectually  as  if  they  were  separated  from  the  blood  and  cast 
out  altogether  by  the  excreting  organs  specially  present  for  such  a 
purpose. 

Uses  of  the  Blood. 

1.  To  be  a  medium  for  the  reception  and  storing  of  matter 
(ordinary  food,  drink,  and  oxygen)  from  the  outer  world,  and 
for  its  conveyance  to  all  parts  of  the  body. 

2.  To  be  a  source  whence  the  various  tissues  of  the  body  may 
take  the  materials  necessary  for  their  nutrition  and  maintenance ; 
and  whence  the  secreting  organs  may  take  the  constituents  of 
their  various  secretions. 

3.  To  be  a  storehouse  of  potential  energy,  by  the  expenditure  of 
which  the  heat  of  the  body  may  be  maintained,  and,  by  correlation, 
vital  and  other  force  may  be  manifested. 

4.  To  be  a  medium  for  the  absorption  of  refuse  matters  from 
all  the  tissues,  and  for  their  conveyance  to  those  organs  whose 
function  it  is  to  separate  them  and  cast  them  out  of  the  body. 

5.  To  warm  and  moisten  all  parts  of  the  body. 

Uses  of  the  variotis  Constituents  of  the  Blood. 

Albumin. — Albumin,  which  exists  in  so  large  a  proportion  among  the 
chief  constituents  of  the  blood,  is  without  doubt  mainly  for  the  nuuriahment 
of  those  textures  which  contain  it  or  other  compounds  nearly  allied  to  it. 
Besides  its  purpose  in  nutrition,  the  albiunin  of  the  liquor  sanguinis  is 
doubtless  of  importance  also  in  the  maintenance  of  those  essential  physical 
properties  of  the  blood  to  which  reference  has  been  already  made. 
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J^hrtM, — It  has  been  mentioned  in  a  prcrioas  part  of  this  chapter  that 
the  idea  of  fibrin  existing  in  the  blood,  as  fibrin,  is  founded  in  error ;  and 
that  it  is  formed  in  the  act  of  coagulation  by  the  union  of  two  substances, 
which  before  existed  separately  (p.  100).  In  considering,  therefore,  the 
fnnctioos  of  fibrin,  we  may  exclude  the  notion  of  its  existence,  as  such,  in 
the  blood  in  a  fluid  state,  and  of  its  use  in  the  nutrition  of  certain  special 
textares,  and  look  for  the  explanation  of  its  functions  to  those  circumstances, 
whether  of  health  or  disease,  under  which  it  is  produced.  In  hssmorrhage, 
for  example,  the  formation  of  fibrin  in  the  clotting  of  blood,  is  the  means  by 
which,  at  least  for  a  time,  the  bleeding  is  restrained  or  stopped  ;  and  the 
material  or  blastema  which  is  produced  for  the  permanent  healing  of  the 
injured  part,  contains  a  coagulable  material  identical,  or  very  nearly  so,  with 
the  fibrin  of  clotted  blood. 

Hatty  Matters. — The  fatty  matters  of  the  blood  subserve  more  than  one 
purpose.  For  while  they  are  the  means,  in  great  part,  by  which  the  fat  of 
the  body,  so  widely  distributed  in  the  proper  adipose  and  other  textures,  is 
replenished,  they  also,  by  their  union  with  oxygen,  assist  in  maintaining 
the  temperature  of  the  body.  To  certain  secretions  also,  notably  the  milV 
and  bile,  fat  is  contributed. 

Saiine  Matter. — The  uses  of  the  saline  constituents  of  the  blood  are, 
first)  to  enter  into  the  composition  of  such  textures  and  secretions  as  natu- 
rally contain  them,  and,  secondly,  to  assist  in  preserving  the  due  specific 
gravity  and  alkalinity  of  the  bloo^l,  and  in  preventing  its  decomposition. 
The  phosphate  and  carbonate  of  sodium,  to  which  the  blood  owes  its  alka- 
line reaction,  increase  the  absorptive  power  of  the  serum  for  gases. 

CnjniseUs, — The  important  uses  of  the  red  corpuscles  in  relation  to  the 
ateorption  of  oxygen  in  the  lungs,  and  its  conveyance  to  the  tissues  have 
^*ai  previously  consideretl  (pp.  113  and  120).  How  far  the  red  corpuscles 
Me  concerned  in  the  nutrition  of  the  tissues  is  quite  unknown. 

The  relation  of  the  colourless  to  the  red  corpuscles  of  the  blood  has  been 
*lKady  considered  (p.  126)  ;  of  the  functions  of  the  former,  other  than  aro 
concerned  in  this  rdiationi^ip,  nothing  is  positively  kuovvii. 


CHAPTER    VI. 

UIRCrLATION    OF   THE    BLOOD. 

The  blood  ia  convoyed  away  frum  the  heart  by  the  arttritt,  ui-.^ 
returned  to  it  by  the  veint ;  the  arteriea  and  veiuB  being  oontiniL.^ 
oua  with  each  other,  at  one  end  by  means  of  the  heart,  and  at  ^wr:M 
other  by  a  fine  nctnurk  of  rcssels  called  the  eapUlarie*.  Tt:f 
blood,  therefore,  in  its  jxisstigo  from  the  heart  passes  firat  into  thf  . 
urtericH,  then  into  the  capillorieti,  and  lastly  into  the  Teins,  XJ' 
which  it  is  conveyed  bock  again  to  the  hei^rt,— thus  completing  ^^ 
revolution,  or  circulation. 

As  generally  described  there  arc  tim  circulations  by  which  ^ 
the  blood  must  pass ;  the  one,  a  shorter  circuit  from  the  heart 

fig.  78.* 


the  lungs  mid  back  again  ;  the  other  and  larger  circuit,  from  the 
heart  to  nil  parts  of  the  body  and  liack  again ;  but  more  strictly 

*  Fig.  78.  View  of  Li'art  and  Imigs  ia  aitu.  Tlie  front  portion  of  tlu 
cbeBt-imlJ,  and  the  outer  or  parietal  layers  of  the  plenriE  and  pericanliam 
have  been  removed.     Tfie  lungs  an>  partly  collnpscd. 
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iponlting.  there  is   only  one  complete  circulation,  which  may  be 

liagrammatioally  repre- 

•mit«d  hj  a  doable  loop, 

u  in  the  accompanying 

Bgore  (6g.  79). 

On  reference  to  this 

xgure  end  noticing  the 

lirection  of  the  arrowB 

evhich     represent     the 

9<niT«e  of  the  stream  of 

tjJood,  it  will  bo  obeerred 

tiat   while  there    ia    a 

sxnaller     and    a    larger 

circle,    both    of    which 

pcUB  through  the  heart, 

■ydt  that  these  are   not 

diiUact,   one   from   the 

otiher,   but  are  formed 

»««lly  by  one  continuous 

"tmam,    the    whole    of 

■^■bichmust,  atone  part  of 

***  course,  paaa  through 

•^e  lungs.     Subordinate 

"*  the  two  principal  cir- 

''"'itionB,  the  pulmonary 

*°i  tyUemie  as  they  are  namecl,  it  will  be  noticed   also   in   the 

*UDe  figure,  that  there  is  another,  by  which  a  portion  of  the 

'''^am  of  blood  having  been  diverted  once  into  the  capillaries  of 

^  intestinal  canal,  and  some  other  organs,  and  gathored  up  agnin 

'"'*>  a  single  stream,  is  a  second   time   divided   in   its   passnge 

""^dg^  the  liver,  before  it  finally  reaches  the  heart  and  com- 

l™***  a  revolution.     This  subordinate  stream  through  the  liver 

"  '*Ued  the  portal  circulation. 

^ha  Foroea  oonoemed  in  the  Ciroulation  of  the  Blood.— 
'*)  The  principal  force  provided  for  constantly  moving  the  blood 
**''^'Ogh  the  course  of  the  circulation  is  that  of  the  muscular  sub- 
***»«  of  the  heart;  other  Bssistant  forces  arc  (2)  those  of  the 


*  Rg-  79-    I>i«ffr»ni  of  the  circuUtion. 
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clastic  Willis  of  the  arteries,  (3)  the  pressure  of  the  muscles 
among  which  some  of  the  veins  run,  (4)  the  movements  of  the 
walls  of  the  chest  in  respiration,  and  probably,  to  some  extent, 
(5),  the  interchange  of  relations  between  the  blood  and  the 
tissues  which  occurs  in  the  capillary  system  during  the  nutritive 
processes. 

The  Heart. 

The  Perioardium. — The  heart  is  invested  by  a  serous  mem- 
brane— the  pericardium,  which  like  the  pleura  or  peritoneum  has 
two  layers — a  parietal  and  a  visceral — forming  a  closed  sac,  the 
cavity  of  w^hich  in  health  contains  just  enough  fluid  to  lubri- 
cate the  two  surfaces  and  thus  enable  them  to  glide  smoothly 
over  each  other  during  the  movements  of  the  heart  and  lungs. 
The  stroma  of  the  pericardium  consists  of  bimdles  of  connective 
tissue  with  some  elastic  fibres,  and  both  visceral  and  parietal 
layers  are  clothed  on  the  free  surface  by  a  single  layer  of  endothelial 
cells.  The  parietal  layer  has  in  addition  a  strong  fibrous  mem- 
bmne  on  the  exterior,  the  base  of  which  is  attached  to  the 
diaphragm — both  to  its  central  tendon  and  adjoining  muscular 
fibres,  while  the  smaller  and  upper  end  is  lost  on  the  large  blood- 
vessels by  mingling  its  fibres  with  that  of  their  external  coats. 

Structure  of  the  Heart. — The  heart  is  ahollow  muscular  organ, 
the  interior  of  which  is  divided  by  a  partition  in  such  a  manner  as 
to  form  two  chief  chambers  or  cavities — right  and  left.  Each  of  these 
chambers  is  again  subdivided  hito  an  upper  and  a  lower  portion 
called  respectively  the  auricle  and  ventricle,  which  freely  communi- 
cate one  with  the  other ;  the  aperture  of  communication,  however, 
being  guarded  by  valves,  so  disposed  as  to  allow  blood  to  pass 
freely  from  the  auricle  into  the  ventricle,  but  not  in  the  opposite 
direction.     There  are  thus  four  cavities  altogether  in  the  heart 

two  auricles  and  two  ventricles;  the  auricle  and  ventricle  of 

one  side  being  quite  separate  from  those  of  the  other  (fig.  79). 

The  walls  of  the  heart  are  constructed  almost  entirely  of  layers 
of  muscular  fibres  ;  but  a  ring  of  connective  tissue,  to  which  some 
of  the  muscular  fibres  are  attached,  is  inserted  between  each 
auricle  and  ventricle,  and  forms  the  boundary  of  the  auriculo-ven' 
tricidar  opening.  Fibrous  tissue  also  exists  at  the  origins  of  the 
pulmonary  artery  and  aorta. 
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Tbe  muscular  fibres  of  each  auricle  are  in  part  continuous  vith 
tlKwe  of  the  other,  and  partly  separate ;  aud  the  same  remark 
holds  true  for  the  Teatricles.  The  fibres  of  the  auricles  are,  how- 
ever, quite  separate  from  those  of  the  ventricles,  the  bond  of  con- 
nection between  them  being  only  the  fibrous  tissue  of  the  auri- 
culo-ventricular  openings. 

The  walls  of  the  left  yentricle,  which  are  nearly  half-an-inch  in 
tbickoesB,  are,  with  the  exception  of  the  apes,  twice  or  three  times 


Fig.  8o.' 


Fig.  Si-t 


u  tiuck  ss  those  of  the  right.  The  left  auricle  is  only  slightly 
tliider  than  the  right,  the  differcnco  being  as  i  \  lines  to  i  lin& 
(Bouillaud.) 

The  average  weight  of  the  heart  iu  the  adult  is  from  9  to  10 
"""xxs;  its  weight  gradually  increasing  throughout  life  until  it 
*9^  dimiuishea  by  senile  atrophy. 


fig.  Sa  Vetvorl:  of  muscular  Ii1)re8(strint«d)  from  the  heart  of  It  pig.  The 
'"^  of  the  muscle -corpiudea  ure  ivell  shovu.  x  450.  (Klein  sad  Kobta 
Ssihi.) 

"^  ^  81.  A.  Uiuciilu  fibres  from  the  hpsrt  of  man,  divided  by  trsni* 
T"*  Mpu  into  sepuate  nucleated  portiona.  B.  Two  kCctallf  ndlieieiA 
"^■-"-•— -  ■'     -  ■  ■g(Si:bwfig^r-SHdel). 
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The  muscular  fibres  of  the  heart,  unlike  those  of  most  of  the 
involuntary  muscles,  are  striated ;  but  although,  in  this  respect, 
they  resemble  the  vohmtaiy  muscles,  they  have  distinguishing 
characteristics  of  their  own.  The  fibres  which  lie  side  by  side  are 
united  at  frequent  intervals  by  short  branches  (fig.  80).  The 
fibres  are  smaller  than  those  of  the  voluntaiy  muscles,  and  their 
striation  is  less  marked.  No  sarcolemma  can  be  discerned.  The 
musclc-corpusclcs  are  situate  in  the  middle  of  the  substance  of  the 
fibre;  and  in  correspondence  with  these  the  fibres  appear  under 
certain  conditions  subdivided  into  oblong  portions  w  "  cells,"  the 
off-sets  from  which  arc  the  means  by  which  the  fibres  anastomose 
one  with  another  (fig.  81). 

Endocarditun. — The  heart  is  clothed  on  the  outside  by  a  thin 
transparent  layer  of  jyertcardium,  while  its  cavities  are  lined  by  a 
smooth  and  shining  membrane,  or  endocardium^  which  is  directly  coi^- 
tinuous  with  the  internal  lining  of  the  arteries  and  veins.  The  endo- 
cardium is  com])osed  of  connective  tissue  with  a  laige  admixture 
of  elastic  fibres  ;  and  on  its  inner  surface  is  laid  down  a  single 
tessellated  layer  of  flattened  endothelial  ceUs.  Here  and  there  mus- 
cular fibres  are  sometimes  found  in  the  tissue  of  the  endocardimn. 

The  Valves  of  the  Heart. — Tlie  arrangement  of  the  heart's 
valves  is  such  that  the  blood  can  pass  only  in  one  direction,  and 
this  is  as  follows  (fig.  82) : — From  the  right  auricle  the  blood 
passes  into  the  right  ventricle,  and  thence  into  the  pulmonazy 
artery*  V  w^^ich  it  is  conveyed  to  the  capillaries  of  the  lungs. 
From  the  lungs  the  blood,  which  is  now  purified  and  altered  in 
colour,  is  gathered  by  the  pulmonary  veins  and  taken  to  the  left 
auricle.  From  the  left  auricle  it  passes  into  the  left  ventricle,  and 
thence  into  the  aorta,  by  which  it  is  distributed  to  the  capillaries 
of  every  portion  of  the  body.  The  branches  of  the  aorta,  from 
being  distributed  to  the  geneml  system,  ai-e  called  systemic  or teriea; 
and  from  these  the  blood  passes  into  the  systemic  capillaries,  where 
it  again  becomes  dark  and  impure,  and  thence  into  the  branches 
of  the  systemic  veins,  which,  forming  by  their  union  two  large 
trunks,  cidled  the  superior  and  inferior  vena  cava,  discharge  their 
contents  into  the  right  auricle,  whence  we  supposed  the  blood 
to  start 

Structure  of  the  Valves. — ^The  valves  of  the  heart  are 
formed  essentially  of  thick  layers  of  closely  woven  connective  and 
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alastic  tiraue,  over  which,  on  every  part,  ia  reflected  the  epithelial 
liiuDg  of  the  endocardium. 

There  are  two  seta  of  valves  in  the  interior  of  the  heart  on  each 


■i<le  (a)  aurieuio-venlrieiilar,  between  the  auricle  and  ventricle 
(GgL  8j,  ^  and  g^  Q^,  and  (&)  the  temiluvar  or  arterial,  which  arc 
pitted  at  the  orifices  respectively  of  the  pulmonary  artery  and  the 
«irta  (figs.  83,  4  and  84,  7). 

'Hie  valve  between  the  right  auricle  and  ventricle  is  named 
^"Wpid  (5,  fig.  83),  because  it  presents  three  principoJ  ouspe  or 
■"tiivisionB,  and  that  between  the  left  auricle  and  ventricle 
"^upid  or  mitral,  because  it  has  two  such  portions  (6,  6g.  84).  But 
ID  both  valves  there  is  between  each  tno  principal  |KirtionB  a 
"•"•Der  one ;  so  that  more  properly,  the  tricuspid  may  be  de- 
Mnbed  as  consisting  of  six,  and  the  mitral  of  four,  portions. 
^*A  portion  is  of  triangnlor  form,  its  apex  and  sides  lying  free 
m  the  cavity  of  the  ventricle,  and  its  base,  which  is  continuous 
"Ui  the  bases  of  tho  neighbouring  portions,  so  ns  to  form  an 
^iiiialar  membrane  around  the  auriculo- ventricular  opening,  being 
filed  to  a  tendinous  ring  which  encircles  the  oriAce  between  the 

*Hli&    DiMg^am  of  the  ciivabtion  thmngh  the  heart  (Balton). 
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Fig.  83.* 


roiitriile  oiwned,  uDil  a  \»xt  of  thai 
s  to  uliow  tlidr  interior  j. — i,  nipe- 
rior  vena  cava  ;  z,  inrerior  rcuu  cava  ;  z',  hei«tic  veina  cut  aliort ;  3,  ri^t 
auricle  ;  3',  plaj^ed  in  the  fcssa  ovaliB,  briow  which  is  the  £iutsuhiui  rain  ; 
3",  is  placed  close  to  the  aperture  of  the  coronary  vein  ;  + ,  + ,  pUced  in  the 
auriculo-veutriculnr  {jroove,  irherc  h  narrow  ]>ortion  of  the  adjacent  walls  of 
the  auricle  imd  ventricle  hiifl  been  preserved  ;  4,  4.  cavity  of  the  right 
ventricle,  the  upper  figure  is  immediately  below  tlie  eeDiilunar  valves ; 
4',  hu"^  columna  camea  or  muaculus  papilliuia ;  5,  5',  5*  tricuspid  valve  ; 
6,  placed  in  the  interior  of  the  pulmonnrj'  nrtery,  a  jiart  of  the  anterior  waU 
of  timt  vessel  having  been  removed,  and  a  nnrtow  portion  of  it  preserved  at 
ita  commencement,  where  the  semilunar  valves  are  attached  ;  7,  coneavity  of 
the  aortic  arch  close  to  the  card  of  tbu  ductus  arteriosus  ;  8,  ascending  p«rt 
at  ainas  of  the  arch  covemd  at  its  commeiicenicnt  by  the  auricular  appendix 
and  pulmonary  artery  ;  9,  jjUced  between  the  innominate  and  left  carotid 
arteriea;  10,  Appendix  of  the  left  auricle  ;  11,  ii,  the  ootsida  of  the  kit 
reatricle,  the  lower  figure  near  the  n\i«x  (.AWciit^MmuvoV 
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Fig-  84.* 


Tig,  84.    The  left  luriele  ind  rentriele  opened  and  s.  part  of  their  ante- 

Wnd  left  Willi  ramofed  so  ai  to  ahuw  their  interior.     }.— Tiie  pulmonary 

vtR7  iu  been  divided  at  its  commencement  go  as  to  show  the  aorta ;  the 

Vfrnn^  into  the  left  ventricle  haa  been  carried  a  short  distance  into  the 

wrta  between  two  of  the  segments  of  the  semilunar  valves  ;  tlie  left  juirl  of 

tie  auricle  with  it«  appendix  has  been  removcil.    The  nf;)it  anriclc  haa  been 

llmwil  ont  of  view.     I,  the  two  right  pulmonary  vcina  cut  short;  their 

epeninga  are  seen  within  the  anricle  ;  l',  placed  within  the  cavity  of  tlie 

aoride  on  the  left  aide  of  the  aeptmn  and  on  tlie  part  which  forma  the  remains 

of  the  valve  of  the  foramen  ovale,  of  which  the  crescentic  fold  is  seen  toward! 

the  left  hand  of  i' ;  2,  a  narrow  portion  of  the  wall  of  the  auricle  and  ventricle 

preaored  round  the  anricnlo-ventricnlar  orifice ;  3,  3',  Ihe  cut  surface  of  the 

«all*  of  tlie  ventricle,  aaen  to  berome  very  mnch  thinner  towacda  3*,  at  the 

^tex;  4,  a  ■mall  p«rt  of  the  anterior  wall  oftheUh  rcntdcle  whic^  W  Wn 

ffcaerred  with  the  pnocipal  tuterior  cvlaruaa  camea  or  tnuBCUlus  parallatia 
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auricle  and  ventricle  and  receiyes  the  insertions  of  the  muscula 
iibres  of  both.     In  each  principal  cusp  may  be  distinguished 
middle-piece,  extending  from  its  base  to  its  apex,  and  includii 
about  half  its  width,  which  is  thicker,  and  much  tougher 
tighter  than  the  border-pieces  or  edges. 

While  the  bases  of  the  several  portions  of  the  valves  are  fix^ 
to  the  tendinous  rings,  their  ventricular  surfaces  and  borders 
fastened  by  slender  tendinous  fibres,  the  cJiordce  tejidineoe,  to  tf- 
walls  of  the  ventricles,  the  muscular  fibres  of  which  project  ii 
the  ventricular  cavity  in  the  form  of  bundles  or  columns — tT^ 
coluMiue  carnece.  These  columns  are  not  all  of  them  alike, 
while  some  of  them  are  attached  along  their  whole  length 
one  side,  and  by  their  extremities,  others  are  attached  only 
their  extremities;  and  a  third  set,  to  which  the  name  mmci^^*^ 
papUlares  has  been  given,  are  attached  to  the  wall  of  the  vei^^ 
tricle  by  one  extremity  only,  the  other  projecting,  papilla-lik^ 
into  the  cavity  of  the  ventricle  (5,  fig.  84),  and  having  attached 
to  it  cliordce  tendinece.  Of  the  tendinous  cords,  besides  those 
which  pass  from  the  walls  of  the  ventricle  and  the  mu^scuU 
papUkires  to  the  margins  of  the  valves,  there  are  some  of  especial 
strength,  which  pass  from  the  same  parts  to  the  edges  of  the 
middle  and  thicker  portions  of  the  cusps  before  referred  ta 
The  ends  of  these  cords  are  spread  out  in  the  substance  of  the 
valve,  giving  its  middle  piece  its  peculiar  strength  and  toughness ; 
and  from  the  sides  numerous  other  more  slender  and  branching 
cords  arc  given  off,  which  arc  attached  all  over  the  ventricular 
surface  of  the  adjacent  border-pieces  of  the  principal  portions 
of  the  valves,  as  well  as  to  those  smaller  portions  which  have  been 
mentioned  as  lying  between  each  two  principal  ones.  Moreover, 
the  muscidi  papUlares  are  so  placed  that,  from  the  summit  of  each, 
tendinous  cords  proceed  to  the  adjacent  halves  of  two  of  the 


attached  to  it ;  5,  5,  musciiU  ]>a])illare8 ;  5'  the  left  side  of  the  septum, 
between  the  two  ventricles,  within  the  cavity  of  the  left  ventricle  ;  6,  6',  the 
mitral  valve ;  7,  placed  in  the  interior  of  the  aorta  near  its  commencement 
and  above  the  three  segments  of  its  semilunar  valve  which  are  hanging  loosely 
together ;  7',  the  exterior  of  the  great  aortic  sinus  ;  8,  the  root  of  the  pul- 
monary artery  and  its  semilunar  valves ;  8',  the  separated  portion  of  the 
pulmonary  artery  remaining  attached  to  the  aorta  by  9,  the  cord  of  the  ductus 
arteriosus ;  10^  the  arteries  rising  from  the  sum^t  of  the  aortic  arch  (Allen 
TbojnjBon). 
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principal  divisions,  and  to  one  intermediate  or  smaller  division,  of 
Che  valve. 

The  preceding  description  applies  equally  to  the  mitral  and 
fcricuspid  valve ;  but  it  should  be  added  that  the  mitral  is  con- 
»deniblj  thicker  and  stronger  than  the  tricuspid,  in  accordance 
^ith  the  greater  force  which  it  is  called  upon  to  resist 

It  has  been  already  said  that  while  the  ventricles  commimicate, 

on  the  one  hand,  with  the  auricles,  they  communicate,  on  the 

cither,  with  the  laige  arteries  which  convey  the  blood  away  from 

-fche  heart;  the  right  ventricle  with  the   pulmonary  artery  (6, 

g.  83),  which  conveys  blood  to  the  lungs,  and  the  left  ventricle 

ith  the  aorta,  which  distributes  it  to  the  general  system  (7, 

ig.  84).     And  as  the  auriculo-ventricular  orifice  is  guarded  by 

"v^ves,  so  are  also  the  months  of  the  pulmonary  artery  and  aorta 

<6g8L  83,  84). 

The  valves,  three  in  number,  which  guai'd  the  orifice  of  each 
of  these  two  arteries,  are  called  the  semilunar  valves.     They  are, 
like  the  auriculo-ventricular  valves,  constructed  of  fibrous  and 
ekstic  tissue,  over  which  is  reflected  the  endothelium  of  the 
endocardium;  and  they  are  nearly  alike  on  both  sides  of  the 
heart;  but  those  of  the  aorta  are  altogether  thicker  and  more 
strongly  constructed   than  those  of  the  pulmonary  artery,  in 
accordance  with  the  greater  pressure  which  they  have  to  with- 
stand.   Each  valve  is  of  semilunar  shape,  its  convex  margin  being 
attached  to  a  fibrous  ring  at  the  place  of  junction  of  the  artery  to 
the  Tentricle,  and  the  concave  or  nearly  straight  border  being 
free,  80  that  each  valve  forms  a  little  pouch  like  a  watch-pocket 
(7i  fig.  84).     In  the  centre  of  the  free  edge  of  the  valve,  which 
contuQg  a  fine  cord  of  fibrous  tissue,  is  a  small  fibrous  nodide, 
the  corpus  Arantii,  and  from  this  and  from  the  attached  border 
^  fibres  extend  into  every  part  of  the  mid  substance  of  the 
^ve,  except  a  small  limatcd  space  just  within  the  free  edge,  on 
^  side  of  the  corpus  Arantii     Here  the  valve  is  thinnest,  and 
imposed  of  little  more  than  the  endocardium.     Thus  constructed 
snd  attached,  the  three  semilunar  valves  are  placed  side  by  side 
around  the  arterial  orifice  of  each  ventricle,  so  as  to  form  three 
htile  pouches,  which  can  be  separated  by  the  blood  piissing  out 
of  the  ventricle,  but  which  immediately  afterwards  are  pressed 
together  so  as  to  prevent  any  return  (6,  fig,  83  and  7,  fig.  &^y 
will  be  %«£27  referred  to. 
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Tho  heiirt's  action  in  propelling  the  blood  cooflists  in  the  buc- 
cesaivo  alternate  contractions  and  relaxations  of  the  muscular  walls 
of  tta  tvo  aitricleH  and  two  ventricles ;  tho  auricles  contracting 
simultaucoualy,  and  their  contraction  being  immediately  followed 
by  that  of  the  ventricles. 

Action  of  the  Auricles. — The  description  of  the  action  of  the 
licart  may  best  bo  commenced  at  that  period  in  each  action  which 
immediately  precodcs  the  beat  of  the  heart  against  the  aide  of  the 
chest.     For  at  this  time 
^^-  85-*  the  whole  heart  ia  in  a 

piisaiTC  state,  the  walls 
uf  both  auricloa  and  ven- 
tricles arc  relaxed,  and 
tlicir  cavities  are  being 
dilated.  The  auriiles 
are  gradually  filling  with 
Iilood  flowing  into  them 
fi-om  the  veins ;  and  a 
l>ortion  of  this  blood 
passes  at  once  through 
tliem  into  the  ventricles, 
the  opening  Ijetwcen  tho 
cavity  of  each  auricle 
and  that  of  its  corre* 
sponding  ventricle  being, 
during  all  the  patue, 
free  and  patent  (fig.  85).  Tins  auricles,  however,  receiving  more 
blood  than  at  once  passes  through  them  to  the  ventricles,  become, 
near  the  end  of  tlic  [muse,  fully  distended  ;  then,  at  the  end  of  the 
pause,  they  coutritot  and  expel  tlieir  contents  into  the  ventricles. 

The  contraction  of  the  auricles  is  sudden  and  very  quick ;  it 
commences  at  the  entrance  uf  the  great  vuitia  into  them,  and  is 
thence  propagated  towards  the  auriculo-vcntriculor  opening  ;  but 
the  last  part  which  contracts  is  the  auricular  appendix.  The 
effect  of  this  contraction  of  tho  auricles  is  to  quicken  the  flow  of 
blood  from  thcni  into  the  ventricles ;  tlie  force  of  their  contraction 


*  Fig.  85.     Dingritm  <<X  VD\\'«t  ot  the  ttcart  (alttT  Dsltou). 
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not  being  sufficient  under  ordinary  circumstances  to  cause  any 
back-flow  into  the  Tcins.  The  reflux  of  blood  into  the  great  veins 
is  nioreoTer  resisted  not  only  by  the  mass  of  blood  in  the  veins  and 
the  force  with  which  it  BtrcsmB  into  the  auricles,  but  also  by  the 
simultaneous  contraction  of  the  muscular  coats  with  which  the 
lai^ge  veins  are  provided  near  their  entrance  into  the  auricles. 
Any  slight  regurgitation  from  the  right  auricle  is  limited  also  by 
the  valves  at  the  junction  of  tho  subclaTinn  and  internal  jugular 
veins,  beyond  which  the  blood  cannot  move  backwards  ;  and  the 
coronary  vein,  or  vein  which  brings  back  to  the  right  auricle  the 
blood  which  has  circulated  in  the  substance  of  the  heart,  is  pre- 
served from  it  by  a  valve  at  its  mouth. 

In  bii^B  and  reptiles,  n^rgitatiou  from  the  riglit  anriric  is  prevented  by 
Tttlves  placed  at  the  entrance  of  the  great  reins. 

Dnring  the  auricular  contraction,  the  force  of  the  blood  pro- 
pelled into  the  ventricle  is  transmitted  in  all  directions,  but  being 
insufficient  to  separate  tho  semilunar  valves,  it  is  expended  in  dis- 
ten^g  the  ventricle,  and  in  raising  and  gradually  closing  the 
atniculo-ventricular  valves,  which,  when  the  ventricle  is  full,  form 
a  complete  septum  between  it  and  the  auricle.    This  elevation 
of  the  auric  ulo- ventricular  valves  is,  no  doubt,  materially  udcd 
^7  the  action  of  the  elastic  tissue  which  Dr.  Markham  has  shotrn 
to  eiist  so  largely  in  their  structure,  especially  on  the  auricular 
aorfete. 

Action  of  the  VentriolM. — Tho  blood  which  is  thus  driven, 
1)J  tiie  contraction  of  the  su- 
"cUs,  into  the  corresponding  ■'"'J'-  ^■* 

^^tricles,  being  added  to  that 
*ludi  had  already  flowed  into 
them  during  the  heart's  pause, 
>■  rafficient  to  complete  the 
diiaUtioD  or  diastole  of  the 
^wtricles.  Thus  distended, 
"*j  imoiediately  contract :  so 
immediately,  indeed,  that  their 
'^Wnction,  or  systole,  looks 
**  if  it  were  continuoos  with  that  of  the  auricles.     The  ven- 

Tig,  86.     TraiUTcne  McUon  of  bnllock'i  hfurt  in  a  state  or  oadiivi'iic 
"^ty.    a,  cavity  of  left  veulricla    b,  cayily  of  right  vontricle.     (Daltoii.l 
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trioles  GODtroct  much  more  slowly  than  the  auriolm,  and  in 
their  contraction,  probably  always  thoroughly  empty  Utemselres, 
differing  In  this  respect  from  the  auricles,  in  which,  erea  after 
their  complete  contraction,  a  Bmnll  quantity  of  blood  remuna. 
The  form  luid  position  of  the  fleBhy  columns  on  ^e  internal  walls 
of  the  ventricle  appear,  indeed,  especially  adapted  to  produce  this 
obliteration  of  their  cavities  during  their  contraction ;  and  the 
completeness  of  the  closure  may  often  be  observed  on  making  a 
transverse  section  of  a  heart  shortly  after  death,  in  any  case  in 
which  the  contraction  of  the  riffor  mortU  is  very  marked  (fig.  86). 
In  such  a  cose,  only  a  central  fissure  may  be  discernible  to  the 
eye  in  the  place  of  the  cavity  of  each  ventricle, 

Fimotioa  of  the  Anrujulo-ventTioalar  Valvea. — When  ihe 
ventricles  contract  on  the  blood  cont^ned  in  them,  the  pressure 
is  transmitted  equally  to 
all  parts  of  their  internal 
surface,  including  the 
ventricular  surface  rf 
Irnth  seta  of  valves,  (au- 
riculo  -  ventricular  and 
semilunar).  The  effect, 
respectively,  on  the  two 
K'!ts  of  valves  is  quite 
<lifferent.  The  auriatla- 
tviitrieular  valves  which, 
ns  before  remarked,  have 
lie  en  floated  upwards  on 
the  surface  of  the  in- 
streaming  blood,  —  like 
the  leaves  of  a  water- 
plant,  as  Dr.  Pettigrew 
liappily  expresses  it, — 
are,  by  the  preeaore  on 
the  blood  of  tlio  contracting  ventricle  now  stretched  tightly 
niid  pressed  more  closely  together  (fig,  87),  so  as  to  offer  an  im- 
passable barrier  against  the  return  of  blood  into  the  auricle  ;  the 
mai^gins  of  the  cusps  being  still  more  secured  in  apposition,  one 


•  Fig.  87.    Diagram  of  valvts  of  the  heart  (dfter  Dalton). 
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with  another,  by  the  aunultaneous  contraction  of  the  musculi 
papUlam,  whose  chordee  tendine®  have  a  special  mode  of  attach- 
ment for  this  object  (p.  138).  As  in  the  case  of  the  semilunar  yalves 
to  be  immediately  described,  the  auriculo-ventricular  yalves  meet 
not  by  their  edge*  only,  but  by  the  opposed  surfaces  of  their  thin 
outer  borders. 

The  semilunar  yalves,  on  the  other  hand,  which  are  closed  in 
the  intervals  of  the  ventricle's  contraction  (fig.  87),  are  forced 
apart  by  the  same  pressure  that  tightens  the  auriculo-ventricular 
valves ;  and,  thus,  the  whole  force  of  the  contracting  ventricles  is 
directed  to  the  expulsion  of  blood  through  the  aorta  and  puU 
monary  artery. 

Function  of  the  Musonli  Fapillares. — ^The  special  function 

of  the  musculi  papillares  is  to  prevent  the  auriculo-ventricular 

valves  fix)m  being  everted  into  the  auricle.     For,  as  the  heart 

shortens  itself  in  contraction,  the  cliordce  teadineas  might  allow  the 

valves  to  be  pressed  back  into  the  auricle,  were  it  not  that  when 

the  wall  of  the  ventricle  is  drawn  nearer  to  the  auriculo-ventricular 

orifice,  the  musculi  paffillares  more  than  compensate  for  this  by 

their  own  contraction — ^holding  the  cords  tight,  and,  by  pulling 

down  the  valves,  adding  slightly  to  the  force  with  which  the 

blood  is  expelled.     Thus,  the  ventricle,  in  its  contraction,  may 

be  compared  to  a  conical  or  funnel-shaped  room  of  which  the  sides, 

floor,  and  roof  are  all  drawn  towards  a  centml  line  for  the  more 

complete  expulsion  of  its  contents. 

Safety-Valve  Action  of  Tricuspid. — ^What  has  been  said 
applies  equally  to  the  auriculo-ventricular  valves  on  both 
^des  of  the  heart,  and  of  both  alike  the  closure  is  generally 
complete  every  time  the  ventricles  contract  But  in  some 
circumstances  the  closure  of  the  tricuspid  valve  is  not  com- 
plete, and  a  certain  quantity  of  blood  is  forced  back  into  the 
^^de.  This  has  been  called  the  safety-valve  action  of  this  valve 
(Hunter,  Wilkinson  King).  The  circumstances  in  which  it  usually 
^Ppens  are  those  in  which  the  vessels  of  the  lung  are  already 
^  enough  when  the  right  ventricle  contracts,  as  e.^.,  in  certain 
Plenary  diseases,  in  very  active  exertion,  and  in  great  efforts. 
h  these  cases,  the  tricuspid  valve  does  not  completely  close,  and 
^  regui^tation  of  blood  may  be  indicated  by  a  pulsation  in  the 
jugular  veins  synchronous  with  that  in  the  carotid  arteries. 
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Lnotion  of  the  Semilunar  Talves. — Tfio  arterial  or  i 

r  viilvea  arc,  aa  already  said,  forced  npart  by  the  out-strcan 

i),    with    whicli    the   eniitrHcthijr   ventricle    dilates   the  1 

'ics.    The  dilation  of  the   arteriea  is,  in  a  peculiar  man 

itod  to  bring  the  valves  into  action.     The  loirer  border 

t  Beiniliinar  valves  are  attached  to  the  inner  surface  of  a  ton 

M  ring,  n'hich  is,  as  it  were,  ialaid,  at  ttie  orifice  of  the  nil 

t  mn&cular  fibres  of  tlic  ventriclo  and  the  elastic  fi 

Itbe  walla  of  the  artery.     The  tissue  of  this  ring  is  tongh, 

s  not  admit  of  eitcnsion  under  such  pressure  as  it  is  conmu 

osed  to ;  the  valves  are  equally  ineztensile,  being,  as  aln 

Ititioned,  formed  of  tongh,  dose-textured,  fibrous  tissue,  \ 

ng  interwoven  cords,  ami  covered  with  endocardium.    He 

a  the  ventricle  propels  Wood  through  the  orifice  and  into 

.1   of  the   artery,  the  lateral    pressure  which    it  eieroise 

Riclcnt  to  dilate  the  walla  of  the  artery,  but  not  enou^ 

n  equal  degree,  if  at  all,  the  unyielding  valves  and 

g  to  which  their  lower  borders  are  attached.     The  effect,  th 

fore,  of  each  such  propul 

Fig.  BS.*  of  blood  from    the  venti 

*  is,  that  the  wall  of  the 
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This  position  of  the  ralvea  and  arterial  walb  is  retained  so  long 
w»  the  ventricle  continues  in  contmction  :  but,  si>  soon  aa  it 
relaxes,  and  the  dilated  arterial  walls  can  recoil  by  their  elasticity, 
the;  press  the  blood  as  well  towards  the  veatriclcs  as  onwards  in 
the  courw  of  the  circulation.  Part  of  the  blood  thus  pressed 
bock  lies  in  the  pouches  {a,  fig.  88,  b)  between  the  Tolves  and 
the  arterial  walls  ;  and  the  valves  are  by  it  pressed  together  till 

Fig    89* 


^'^  thin  lunated  margins  meet  in  three  lines  radiating  from  the 
'^rtre  to  the  circumference  of  the  artery  (7  and  8,  fig.  89). 

Tho  contact  of  the  valves  in  this  position,  and  the  complete 
"Wiire  of  the  arterial  orifice,  are  secured  by  the  peculiar  con- 
"•Urtion  of  thoir  borders  before  mentioned.     Amonij  the  cordt* 


Fij{.  89.  View  of  the  bane  of  the  Tentricular  p^rt  of  the  licart,  sLowing 
**  nlUire  poailion  of  the  arterial  and  anriculo- ventricular  orifices, — |.  TLo 
^■Ucalir  fibres  of  the  ventricles  are  exposed  bj  the  reiDoral  of  the  pericardia  in. 
■S  blood-vessels,  etc.  ;  the  palmonary  artery  and  aorta  have  bitn  rcmovcJ 
^■Mction  made  immediately  beyond  the  attachment  of  the  semilunar  valves, 
"■^tti  anriclea  h»ve  been  removed  immediately  above  tlie  auriculo-veutri- 
'jlW  Mifice^  The  semilunar  and  auriculo-veutricukr  vah'cs  are  in  the  nearly 
'|*cil  condition.  I,  i,  the  baic  of  the  right  ventricle  ;  t'.  the  conus  arto- 
"*« ;  2,  2,  the  base  of  the  left  ventricle  ;  3,  3.  the  divided  wail  ot  the  right 
•Wiile  i  4.  that  of  the  left ;  5,  s',  s",  the  tricuspid  valve  ;  6,  6'.  the  milriil 
'■Itt.  la  the  angleH  between  these  segments  are  seen  the  smaller  fringc^s 
"'^ntlj  obserred  ;  7,  the  anterior  jiart  of  the  pulmonary  artery  ;  S,  placi>'I 
*fn  the  posterior  j»n  of  the  root  of  the  aorta  ;  9,  the  right,  9',  the  left 
"maaj  artery.     (Allen  Thomson.) 
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which  are  intcrwoveQ  in  the  substance  of  the  valves,  are  two  of 
greater  strength  and  prominence  than  the  rest;  of  which  one 
extends  along  the  free  border  of  each  valve,  and  the  other  fonns 
A  double  curve  or  festoon  just  below  the  free  border.  Each  of 
these  cordj  is  attached  by  its  outer  extremities  to  the  outer  end 
of  the  free  margin  of  its  valve,  and  in  the  middle  to  the  corpos 
Arantii ;  they  thus  enclose  a  lunated  apace  from  a  line  to  a  line 
and  a  half  in  width,  iu  which  space  the  substance  of  the  valve  ia 
much  thinner  and  more  pliant  than  elsewhere.  ^Vhen  the  valves 
are  pressed  down,  all  these  parts  or  spaces  of  their  surfaces  oome 
into  contact,  and  the  closure  of  the  arterial  orifice  is  thus  secured 
by  the  apposition,  not  of  the  mere  edges  of  the  valves,  but  of  all 
those  thin  lunated  parts  of  each  which  lie 
between  the  free  edges  and  the  cords  next 
below  them.  These  parts  are  firmly  pressed 
together,  and  the  greater  the  pressure  that 
falls  on  them  the  closer  and  more  secnre 
is  their  appoeitioc  The  corpora  Araotji 
meet  at  the  centre  of  the  arterial  orifice 
when  the  valves  are  down,  and  they  pro- 
bably assist  in  the  closure;  but  they  are 
not  essential  to  it,  for,  not  unfrequently, 
they  are  wanting  in  the  valves  of  the  pnl- 
monary  artery,  which  are  then  eitcaded  in 
larger,  thin,  flipping  mai^ns.  In  valves  of 
this  form,  also,  the  inlaid  cords  aro  less 
distinct  than  in  those  with  corpora  Arantii ;  yet  the  closure  b; 
contact  of  their  surfaces  is  not  less  secure. 

Mr.  Savory  has  clearly  shown  that  this  pressure  of  the  blood  is 
not  entirely  sustained  by  the  valves  alone,  but  in  part  by  the 
muscular  substance  of  the  ventricle.  Availing  himself  of  a 
method  of  dissection  hitherto  apparently  overlooked,  namely,  thai 
of  making  vertical  sections  (fig.  90}  through  various  parts  of  the 
tendinous  rings,  he  hos  been  enabled  to  show  clearly  that  the 
aorta  and  pulmonary  artery,  expanding  towards  their  termination. 


*  Fift-  90.  Vertical  sectinn  tliroiigh  the  norla  nt  its  junction  with  tbr  left 
ventricle,  a.  Section  of  aorta.  W,  Sftlion  of  tno  vulves,  c,  Section  of  will 
of  ventricle,     d,  luteniBl  eitrCitce  of  ventricle. 
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are  situated  upon  the  ouUr  edge  of  the  thick  upper  border  of  the 
TentricleSy  and  that  consequently  the  portion  of  each  semilunar 
Talve  adjacent  to  the  vessel  passes  over  and  rests  upon  the 
muscular  substance — being  thus  supported,  as  it  were,  on  a  kind 
of  muscular  floor  formed  by  the  upper  border  of  the  ventricle. 
The  result  of  this  arrangement  is  that  the  reflux  of  the  blood  is 
most  efficiently  sustained  by  the  ventricular  wall.* 

As  soon  as  the  auricles  have  completed  their  contraction  they 
begin  again  to  dilate,  and  to  be  refilled  with  blood,  which  flows 
into  them  in  a  steady  stream  through  the  great  venous  trunks. 
They  are  thus  filling  during  all  the  time  in  which  the  ventricles 
are  contracting ;  and  the  contraction  of  the  ventricles  being  ended, 
these  also  again  dilate,  and  receive  again  the  blood  that  flows  into 
them  from  thh  auricles.  By  the  time  that  the  ventricles  are  thus 
from  one-third  to  two-thirds  full,  the  auricles  are  distended ;  these, 
then  suddenly  contracting,  fill  up  the  ventricles,  as  already 
described  (p.  140). 

Cardiac  Bevolution. — If  we  suppose  a  cardiac  revolution 
divided  into  five  parts,  one  of  these  will  be  occupied  by  the  con- 
traction of  the  auricles,  two  by  that  of  the  ventricles,  and  two  by 
vepose  of  both  auricles  and  ventricles. 

Contraction  of  Auricles  .    .    .    i  -f  Repose  of  Auricles  .    .    .4=5 
„  Ventricles    .    .    2  +         „  Ventricles    ,    .3=$ 

Bepose  (no  contraction  of  either 
aoriclcs  or  ventricles) .    ,    .    2  +  Contraction  (of  either  aori- 

—  clcs  or  ventricles) .    .    .3=5 

5 

If  the  speed  of  the  heart  be  quickened,  the  time  occupied  by 
^^<^li  cardiac  revolution  is  of  course  diminished,  but  the  diminution 
*^fect8  only  the  diastole  and  pause.  The  systole  of  the  ventricles 
^*^^<^pies  very  much  the  same  time,  about  -f*^  sec,  whatever  the 
P^lse-rate. 

Ilie  periods  in  which  the  several  valves  of  the  heart  are  in 
**^ion  may  be  connected  with  the  foregoing  table ;  for  the 
^^^licolo-ventricular  valves  are  closed,  and  the  arterial  valves  are 


*  Mr.  Savory's  preparations,  illnstratlDg  this  and  other  points  in  relation 
^  the  Ktrncture  and  functions  of  the  valves  of  the  heart,  are  in  the  uiuscuiu 
^  ^t  Bartholomew's  Hospital. 

l2 
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oiKJu  during  the  whole  time  of  the  ventriciilar  contractiony  while, 
during  the  dilatation  and  distension  of  the  Tentricles  the  latter 
Yalves  are  shut,  the  former  open.  Thus  whenever  the  auricula- 
ventricular  valves  are  open,  the  arterial  valves  are  closed  and  vice 
versd. 

Sounds  of  the  Heart. 

When  the  car  is  placed  over  the  region  of  the  heart,  two  wunds 
maj  be  heard  at  every  beat  of  the  heart,  which  follow  in  quick 
auccession,  and  are  succeeded  by  a  paiLse  or  period  of  silence.  The 
first  sound  is  dull  and  prolonged ;  its  commencement  coincides 
with  the  impulse  of  the  heart,  and  just  precedes  the  pulse  at  the 
wrist.  The  second  is  a  shorter  and  sharper  sound,  with  a  somewhat 
flapping  character,  and  follows  close  after  the  arterial  pulse.  The 
period  of  time  occupied  respectively  *  by  the  two  sounds  takei> 
together,  and  by  the  pause,  are  almost  exactly  equal.  The  rela- 
tive length  of  time  occupied  by  each  sound,  as  compared  with  the 
other,  is  a  little  uncertain.  The  difference  may  be  best  appre- 
ciated by  considering  the  different  forces  concerned  in  the  produc* 
tion  of  the  two  souuds.  In  one  case  there  is  a  strong,  compara- 
tively slow,  contraction  of  a  large  mass  of  muscular  fibres,  urging 
forward  a  certain  quautity  of  fluid  against  considerable  resistance ; 
while  in  the  other  it  is  a  strong  but  shorter  and  sharper  recoil  of 
the  elastic  coat  of  the  large  arteries, — shorter  because  there  is  no 
resistance  to  the  flapping  back  of  the  semilunar  valves,  as  there 
wjis  to  their  opening.  The  difference  may  be  a^so  expressed,  as 
Di*.  C.  J.  B.  Williams  has  remarked,  by  saying  the  words  liibh — 
dup. 

The  events  which  correspond,  in  point  of  time,  with  the  fint 
sound,  are  (i)  the  contraction  of  the  ventricles,  (2)  the  first  part 
of  the  dilatation  of  the  aiuriclcs,  (3)  the  closure  of  the  auriculo- 
vciitricular  valves,  (4)  the  opening  of  the  semilunar  valves,  and 
(5)  the  propulsion  of  blood  into  the  arteries.  The  sound  is  suc- 
ceeded, in  about  one-thirtieth  of  a  second,  by  the  pulsation  of  the 
facial  arteries,  and  in  about  one-sixth  of  a  second,  by  the  pulsation 
of  the  arteries  at  the  wrist.  The  second  sound,  in  point  of  time, 
iiuniediately  follows  the  cessation  of  the  ventricular  contraction, 
and  corresponds  with  (a)  the  closure  of  the  semilunar  valves,  (6) 
tlie   continued   dilatation  of  the   auricles,  (c)   the   commencing 
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dilatation  of  tbc  ventrioles,  oad  (d)  the  opening  of  the  auriculo- 
ventricnlar  valves.  The  jmiue  immediately  follows  the  second 
sound,  and  corresponds  in  its  Jlrtt  part  with  the  completed  dis- 
tension of  the  auricles,  and  in  its  second  with  their  contraction, 
and  the  distension  of  the  ventricles;  the  auriculo- ventricular 
valves  being,  all  the  time  of  the  pause,  open,  and  the  arterial 
valves  closed. 

Causes. — The  chief  cause  of  the  firat  sound  of  the  neart  appears 
to  be  the  vibration  of  the  auriculo-ventricular  valves,  and  also, 
but  to  a  less  extent,  of  the  ventricular  walls,  and  coats  of  the 
aorta  and  pulmonary  artery,  all  of  which  parts  are  suddenly  put 
into  a  state  of  tension  at  the  moment  of  ventricular  contraction 
The  effect  may  be  intensified  by  the  muscular  sound  produced  by 
^contraction  of  the  mass  of  muscular  fibres  which  form  the 
ventricle. 

This  view,  long  ago  advanced  by  Dr.  Billing,  is  supported  by 
the  fact  observed  by  Valentin,  that  if  a  portion  of  a  horse's  in- 
testine, tied  at  one  end,  be  moderately  filled  with  water,  without 
nny  admixture  of  air,  and  have  a  syringe  containing  w^ater  fitted 
to  the  other  end,  the  first  sound  of  the  heart  is  exactly  imitated 
ty  forcing  in  more  water,  and  thus  suddenly  rendering  the  walls 
^f  the  intestine  more  tense. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  tho 

Hrst.    It  is  probably  due  entirely  to  the  sudden  closmt)  and  con- 

^uent  vibration  of  the  semilunar  valves  when  they  are  pressed 

^io-vrn  across  the  orifices  of  the  aorta  and  pulmonary  artery.    Tho 

'Influence  of  the  valves  in  producing  the  sound,  is  illustrated  by 

^^o  experiment  already  quoted  from  Valentin,  and  from  others 

Performed  on  large  animals,  such  as  calves,  in  which  the  results 

^^oxild  be  fully  appreciated.     In  these  experiments  two  delicate 

<=^xxTed  needles  were  inserted,  one  into  the  aorta,  and  another  into 

the  pulmonary  artery,  below  the  line  of  attachment  of  the  semi- 

^^nar  valves,  and,  after  being  carried  upwards  about  half  an  inch, 

"^ere  brought  out  again  through  the  coats  of  the  respective  vessels, 

"^^  that  in  each  vessel  one  valve  was  included  between  the  arterial 

^'alU  and  the  wire.     Upon  applying  the  stethoscope  to  the  vessels, 

^^  siich  an  operation,  the  second   sound  had  ceased   to  bo 

^^dible.    Disease  of  these  valves,  when  so  extensive  as  to  inter- 

^^  irith  their  efficient  action,  also  often  demonstrates  the  samo 
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fact  by  modlfjing  or  destroying  the  distinctness  of  the  second 
sound. 

One  reason  for  the  second  sound  being  a  clearer  and  sharper 
one  than  the  first  may  be,  that  the  semilunar  valves  ore  not 
covered  in  by  the  thick  layer  of  fibres  composing  the  waUa  of  the 
heart  to  such  an  extent  as  are  the  auricido-ventricuiar.  It  might 
be  expected  therefore  that  their  vibration  would  be  more  easily 
heard  through  a  stethoscope  applied  to  the  Kails  of  the  chesti 

The  contraction  of  the  auricles  which  takes  place  in  the  end  of 
the  pause  is  inaudible  outside  the  chest,  but  may  be  heard,  when 
the  heart  is  exposed  and  the  stethoscope  placed  on  it,  as  a  slight 
sound  preceding  and  continued  into  the  louder  Boand  of  the 
ventricular  contraction. 

The  Impulse  of  the  Heart. — ^At  the  commencement  of  each 
ventricular  contraction,  the  heart  may  be  felt  to  beat  with  a  slight 
shock  or  impulse  against  the  walls  of  the  chest  This  impulse  is 
most  evident  in  the  space  between  the  fifth  and  sixth  ribs,  about 
two  inches  below  the  nipple  and  one  inch  to  its  sternal  side.  The 
force  of  the  impulse,  and  the  extent  to  which  it  may  be  perceived 
beyond  this  point,  vary  considerably  in  different  individuals^  and 
in  the  same  individuals  under  different  circumstances.  It  is  felt 
more  distinctly,  and  over  a  larger  extent  of  surface,  in  emaciated 
than  in  fat  and  robust  persons,  and  more  during  a  forced  expira* 
tion  than  in  a  deep  inspiration ;  for,  in  the  one  case,  the  interven* 
tion  of  a  thick  layer  of  fat  or  muscle  between  the  heart  and  the 
surface  of  the  chest,  and  in  the  other  the  inflation  of  the  portion 
of  lung  which  overlaps  the  heart,  prevents  the  impulse  from  being 
fully  transmitted  to  the  surface.  An  excited  action  of  the  heart, 
and  especially  a  hypertrophied-  condition  of  the  ventricles,  will 
increase  the  impulse,  while  a  depressed  condition,  or  an  atrophied 
state  of  the  ventricular  walls,  will  diminish  it. 

Causes  of  the  Impulse. — The  chief  cause  of  the  impulse  of 
the  heart,  is  (a)  its  change  of  shape ;  for,  during  the  contraction 
of  the  ventricles,  and  the  consequent  approximation  of  the  base 
towards  the  apex,  the  heart  becomes  more  globular,  and  bulges  so 
much,  that  a  distinct  impulse  is  felt  when  the  finger  is  placed  over 
the  bulging  portion,  either  at  the  front  of  the  chest,  or  under  the 
diaphragm.  (6)  A  tilting  forwards  of  the  apex,  so  that  it  is  made 
to  strike  against  the  walls  of  the  chest ;  this  tilting  movement 
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being  effected  by  the  contraction  of  tho  spiral  muscular  fibres  of 
the  Tentricles.  The  whole  extent  of  the  movement  thus  produced 
is,  however,  but  slight  The  production  of  tho  impulse  is,  per- 
hapa,  ftaMher  usisted  by  (c)  the  tendency  of  the  aorta  to  straighten 
baelf  and  diminish  its  ourratura  when  distended  with  the  blood 
impelled  by  the  ventnole ;  and  {d)  by  the  elastic  recoil  of  all  the 
pttrts  about  the  base  of  the  heart,  which,  according  to  the  experi- 
ments of  Eunchner,  are  sketched  downward  and  backward  by 
tbe  blood  flowing  into  the  auricles  and  ventricles  during  the  dila- 
tation of  tbe  latter,  but  recover  themselves  when,  at  the  b^inning 
(tf  the  contraction  of  the  ventricles,  the  flow  through  the  auriculo- 
Tentricular  orifices  is  stopped.  But  these  Inst-mentioned  conditions 
can  only  be  accessoty  in  the  perfect  state  of  things ;  for  tho  same 
tilting  movement  of  the  heart  ensues  when  its  apex  is  cut  ofl*,  and 
when,  therefore^  no  tension  or  change  of  form  can  be  produced  by 
the  blood. 

Althon^  what  ws  generally  recognize  ns  the  impulse  of  the 
heart  ia  produced  in  the  way  just  mentioned,  the  beat  is  not  so 
«>{&  a  shook  as  it  may  seem  when  only  felt  by  the  finger.  By 
maami  of  a  cardiograph,  it  may  be  shown  to  be  compounded 
of  three  or  four  shocks,  c^  which  the 
finger  can  only  feel  the  greatest. 
,  The  Cardioffraph  (fig.  91)  consists  of 
>  diao-shaped  box  (6),  one  side  of  which 
ii  fiirmed  of  elastic  membrane ;  and  in 
cgmieetioD  with  the  latter  is  an  ivoiy 
bwb  (a)  for  application  to  the  chest- 
Kali  over  the  place  of  the  greatest 
iupolae  of  the  heart.  The  box  or 
tfrnpoMtm  communicates  by  means  of 
an  air-tight  elastic  tube  (/)  with  the 
interior  of  a  second  tympanum  (fig. 
9a,  6),  in  connection  with  which  is  a 
long  and  light  lever  (a).  The  shock 
of  the  heart's  impulse  being  commuui- 
«ated  to  the  ivory  knob,  and  through 
*  to  the  first  tympanum,  the  effect  is,  of  course,  at  once  trnns- 


F!g.  9"-* 


•  Fig.  91,     Dr.  Rnriloa-Saadcrsott's  Cardiograph, 
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nitt<:d  bj  the  column  of  air  in  the  elastic  tube  to  the  interior 


of  tho  second  tympanum,  also  closed,  and  through  the  clastic  and 
laovable  lid  of  the  latter  to  the  lever,  which  is  placed  in 


lion  with  ii,  regisltring  ap|Muutu&     (For  explanation  of  lifgutmng 
^ig.  94- 1 


<i)ipaTatut  Bce  f\^  1)4  and  95,  with  accoinpanjiug  duciui'iptiuns  in 
the  test) 

*  Fig.  92.     liigisleringnppiiratusof  Ciirdit^taph. 
t  Fig  93.     Tracing  of  hcartH  impulse  of  man  (JUrey), 
t  Fig.  94.     Apparatiiti  ttl  MM,   (.'huuvMii  and  Marey  for  estimating  tbe 
varutiohs  of  endocunlial  jiressuw,  uid  production  of  impulw  of  the  beut. 
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A  liaclug  of  the  heftrt's  impiilao  is  tliUB  obtaiucd.  (Fig.  93.) 
Its  interpratAtion  will  bo  boat  iinderatood  by  reference  to  figs.  94 
and  95,  with  the  accompanpiig  text. 

By  placing  three  Bmoll  indiarrubbcr  airbngs  in  the  interior  re- 
npectively  of  the  right  auricle,  the  right  ventricle,  and  in  on 
iatercostal  space  in  fhi&t  of  the  heart  of  living  animals  (honie), 
and  placing  these  hags,  fay  means  of  long  narrow  tubes,  in  com- 
■nunication  with  three  leven,  arranged  one  over  the  other  in  CMi- 

fiO-  95.* 


Section  with  a  rogistoring  apparatus  (fig.  94),  M)L  Cbauveau  and 

^lany  hare  been  able  to  measure  with  much  iiccnmcy  the  viiria- 

^'tODi  of  the  endocardial  pressure  and  the  comparative  duration  of 

the  cmtractions  of  the  auricles  and  ventricles.     By  mcaus  of  the 

■Ulna  ^qtaratufl,  tlio  Sfnchroniam  of  the  impulse  witlk  the  cou- 

tfsrtion  of  the  ventricles,  is  also  well  shown  ;  and  the  causes  of 

tWieretal  vibrations  of  which  it  is  really  composed,  have  becu 

*«»Tered. 

Id  the  tracing  (fig,  95),  the  intervals  between  the  vertical  linos 
'^ptaent  periods  of  a  tenth  of  a  second.  The  i>arts  on  which  any 
?^ci  vertical  Ime  fkUa  represent,  of  course,  simultiincous  events. 
""u,— it  will  bo  seen  that  the  contraction  of  the  auricle,  indi- 
wtal  by  the  upheaval  of  the  tracing  at  .v  in  first  tracing,  causes 
■^  K'ii»ht  increase    of  pressure  in   tlio  vcntriele    (a'    in    second 


TraGin{,i    obtnined    by  Giaiivcau  and    AEurcya    aiipariitua 
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tracing),  and  produces  a  tiny  impulse  (a"  in  third  tracing).  So 
also,  the  closure  of  the  semilunar  valves,  while  it  causes  a  moment- 
arily increased  pressure  in  the  ventricle  at  d',  does  not  fiiil  to 
affect  the  pressure  in  the  auricle  d,  and  to  leave  its  mark  in  the 
tracing  of  the  impulse  also,  d". 

The  large  upheaval  of  the  ventricular  and  the  impulse  tracings, 
between  a'  and  d',  and  a"  and  j}"^  are  caused  by  the  yentriculai 
contraction,  while  the  smaller  undulations,  between  b  and  c,  b* 
and  c',  b"  and  o'',  are  caused  by  the  vibrations  consequent  on  the 
tightening  and  closure  of  the  auriculo-ventricular  valves. 

Frequency  and  Force  of  the  Heart's  Aotion* 

The  heart  of  a  healthy  adult  man  contracts  from  aerenty  to 
seventy-five  times  in  a  minute ;  but  many  circumstances  cause 
this  rate,  which  of  course  corresponds  with  that  of  the  arterial 
pnhe^  to  vary  even  in  health.  The  chief  are  age,  temperament, 
sex,  food  and  drink,  exercise,  time  of  day,  posture,  atmospheric 
pressure,  temperature. 

Age. — The  freqnency  of  the  heart's  action  gradnallj  diminishes  from  the 
commencement  to  near  the  end  of  life,  bat  is  said  to  rise  again  somewhat  in 
extreme  old  age,  thus : — 

Before  birth  the  avorajrc  nTimlx?r  of  pnlses  in  a  minute  is  150 

Just  after  birth from  140  to  130 

During  the  first  year 130  to  115 

During  the  second  year 115  to  100 

During  the  third  year 100  to    90 

About  the  seventh  year 90  to    85 

About  the  fourteenth  year,  the  average  number 
of  pulses  in  a  minute  is  from  .  .  85  to    80 

In  adult  age 80  to    70 

In  old  age 70  to    60 

In  decrepitude 75  to    65 

Trmperam^nt  and  Stx, — In  persons  of  sanguine  temperament,  the  heart 
acts  somewhat  more  frequently  than  in  those  of  the  phlegmatic  ;  and  in  the 
female  sex  more  frequently  than  in  the  male. 

Fitod  and  Drink.  Exerciiw. — ^After  a  meal  its  action  is  accelerated,  and 
still  more  so  during  bodily  exertion  or  mental  excitement ;  it  is  slower 
daring  sleep. 

Diurnal  Variation, — From  the  observation  of  several  experimenters,  it 
appears  that,  in  the  state  of  health,  the  pulse  is  most  frequent  in  the 
morning,  and  becomes  gradually  slower  as  the  day  advances  :  and  that  this 
fliminution  of  frequency  is  both  more  regular  and  more  rapid  in  the  evening 
than  in  the  morning. 
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I\»sture, — ^It  is  found  that,  as  a  general  rule,  the  pulse,  especially  in  the 
■dolt  male,  is  more  frequent  in  the  standing  than  in  the  sitting  posture,  and 
in  the  latter  than  in  the  recumhent  position  ;  the  difference  being  greatest 
between  the  standing  and  the  sitting  posture.  The  effect  of  change  of 
pOBtinc  la  greater  as  the  frequency  of  the  pulse  is  greater,  and,  accordingly, 
is  more  marked  in  the  morning  than  in  the  erening.  Dr.  Guy,  by  supporting 
the  body  in  different  postures,  without  the  aid  of  muscular  effort  of  the 
indiTidual^  has  prored  that  the  increased  frequency  of  the  pulse  in  the 
sitting  and  standing  positions  is  dependent  upon  the  muscular  exertion 
engaged  in  maintaining  them  ;  the  usual  effect  of  these  postures  on  the 
polae  being  almost  entirely  prevented  when  the  usually  attendant  muscular 
csertion  waa  rendered  unnecessary. 

AtmaitpheHe  Pretsurr, — According  to  Parrot,  the  frequency  of  the  pulse 
increases  in  a  corresponding  ratio  with  the  deration  aboTC  the  sea ;  and 
Dr.  Fnmkland  informed  the  author,  that  at  the  summit  of  Mont  Blanc  his 
pulse  was  aboat  doable  its  ordinary  rate.  After  six  hours'  perfect  rest  and 
sle^  at  the  top,  it  was  120,  on  descending  to  the  corridor  it  fell  to  108,  at 
the  Grands  Mulets  it  was  88,  at  Chamounix  56 ;  normally,  his  pulse  is  6a 

Temperature, — ^The  rapidity  and  force  of  the  heart's  contractions  aie 
Im|,i.Ij  JnHmwoed  by  variations  of  temperature.  The  frog's  heart,  when 
ncised,  ceases  to  beat  if  the  temperature  be  reduced  to  32^  When  heat  is 
gradoally  applied  to  it,  both  the  speed  and  force  of  the  heart's  contractions 
iacxcase  till  they  reach  a  maximum.  If  the  temperature  is  still  further 
raised  the  beats  become  irregular  and  feeble,  and  the  heart  at  length  stands 
still  in  a  condition  of  "  heat  rigor." 

Similar  effects  are  produced  in  warm-blooded  animals.  In  the  rabbity 
Dr.  Bnmton  found  that  the  number  of  heart-beats  was  more  than  doubled 
vhen  the  temperature  of  the  air  was  maintained  at  105*  F.  At  1 13° — 1 14^  F. 
Ok  rabbit's  heart  ceases  to  beat. 

Belative  Frequenoy  of  the  Pulse  to  that  of  Bespiration. 

^In  health  there  is  observed  a  nearly  uniform  relation  between 

^  froquencj  of  the  pulse  and  of  the  respirations ;  the  proportion 

^uigy  on  an  arerage,  one  respiniticm  to  three  or  four  beats  of  the 

P*>ha     The  same  relation  is  generally  maintained  in  the  cases  in 

^aich  the  pulse  is  naturally  accelerated,  as  after  food  or  exercise ; 

^t  in  disease  this  relation  usually  ceases  to  exist.     In  many 

•^«ctions  accompanied  with  increased  frequency  of  the  pulse,  the 

'^piration  is,  indeed,  also  accelerated,  yet  the  degree  of  its  accele- 

"^^ion  may  bear  no  definite  proportion  to  the  increased  number  of 

^^  heart's  actions  :  and  in  many  other  cases,  the  pulse  becomes 

"*^^e  frequent  without  any  accompanying  increase  in  the  number 

^  i^pirations ;  or,  the  respiration  alone  may  be  accelerated,  the 

*^^ber  of  pulsations  remaining  stationary,  or  even  falling  below 

^«e  ordinary  standard. 

^The  Foroe  of  the  Ventricular  Systole. — The  force  with 
which  the  left  ventricle  of  the  heart  contracts  is  about  double  that 
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exerted  by  the  contraction  of  the  right :  being  equal  (according  to 
Valentin)  to  about  y^^^  ^^  ^^  weight  of  the  whole  body,  that  of 
the  right  being  equal  only  to  y-iiyth  of  the  same.  This  difference  iu 
the  amount  of  force  exerted  by  the  contraction  of  the  two  ven- 
tricles, results  from  the  walls  of  the  left  ventricle  being  about 
twice  or  three  times  as  thick  as  those  of  the  right.  And  the  dif- 
ference is  adapted  to  the  greater  degree  of  resistance  which  tho 
left  vnntricle  has  to  overcome,  compared  with  that  to  be  overooino 
by  the  right :  the  former  having  to  propel  blood  through  every 
part  of  the  body,  the  latter  only  through  the  lungs. 

The  Force  of  the  Auricular  Systole. — The  force  exercised 
by  the  auricles  in  their  contraction  has  not  been  determined.  It 
has  been  found  that  during  diastole  the  pressure  within  both 
ventricles  and  auricles  sinks  considerably  below  that  of  the  atmo- 
uphere.  Part  of  this  fall  in  pressure,  and  jwssibly  the  greater  part^ 
is,  as  wc  shall  sec  in  a  future  Chapter,  to  be  referred  to  the  influ- 
icnce  of  respiration ;  but  still,  as  some  fall  in  pressure  holds  good 
•oven  when  the  thorax  of  the  animal  operated  upon  has  been  opened, 
a  certain  proportion  of  the  fall  must  be  independent  of  respiration. 
This  negative  pressure  in  the  heart's  cavities,  especially  in  the 
ventricles,  proves  that  they  must  have  an  independent  suctiou 
power,  and  so  act  not  only  in  propelling  the  blood  into  the 
4irteries,  but  also  in  suckiug  it  in  from  the  veins. 

That  llic  force  which  the  ventricles  exercise  in  dilatation  is  very  Flight, 
lias  lx.*en  proved  by  Oesterreicher.  He  removed  tile  heart  of  a  frog  from  the 
bwly,  and  laid  ui)on  it  a  substance  sufficiently  heavy  to  press  it  flat,  and  yet 
so  small  as  not  to  conceal  the  heart  from  view  ;  he  then  observed  that  during 
the  contraction  of  the  heart,  the  weight  was  raised  ;  but  tliat  during  its 
•dilatation,  the  heart  remained  flat.  And  the  same  was  shown  by  Dr.  Clen- 
dinniiig.  who,  applying  the  points  of  a  pair  of  spring  calipers  to  the  heart 
-of  a  live  ass,  found  that  their  points  wei'C  separated  as  often  as  the  heart 
•swelled  up  in  the  contraction  of  the  ventricles,  but  a])proachcd  each  other 
hy  the  force  of  the  spring  when  the  ventricles  dilated. 

The  cn})fxcl(f/  of  the  two  ventricles  is  probably  the  same.  It  is 
difficult  to  determine  with  ceilaiuty  how  much  this  may  be ;  but, 
taking  the  mean  of  various  estimates,  it  may  be  inferred  that 
each  ventricle  is  aV>lc  to  contain  four  to  six  ounces  of  blood,  the 
whole  of  which  is  impelled  into  their  respective  arteries  at  each 
contraction.  The  capacity  of  the  auricles  is  rather  less  than  that 
of  the  ventricles :  the  thickness  of  their  walls  is  considerably  lc8& 
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The  latter  condition  is  adapted  to  the  small  amount  of  force  which 
the  auricles  require  in  order  to  empty  themselyes  into  their  adjoin- 
ang  Yeutricles ;  the  former  to  the  circumstance  of  the  ventricles 
being  partly  filled  with  blood  before  the  auricles  contract. 

Work  done  by  the  Heart, — In  estimating  the  work  done  by  any  machine* 
it  is  ascal  to  express  it  in  terms  of  the  *'  unit  of  work."  The  unit  of  work  is- 
defined  to  be  the  energy  expended  in  raising  a  unit  of  weight  (1  lb.)  through^ 
a  unit  of  height  (1  ft.)  In  England,  the  unit  of  work  is  the  "/<wf-^wn<//' 
in  France,  tiic  "  kilogram  metre  J* 

The  work  done  by  the  heart  at  each  contraction  can  be  readily  found  by 
multiplying  the  weight  of  blood  expelled  by  the  ventricles  by  the  height  to 
which  the  blood  rises  in  a  tube  tied  into  an  artery.  This  height  Dr.  Hnlen 
found  to  be  about  9  ft.  in  the  horse,  and  Dr.  Haughton  has  shown  that  his 
estimate  is  nearly  correct  for  a  large  artery  in  man.  Taking  the  weight  of 
blood  expelled  from  the  left  Tentriclc  at  each  systole  as  4  oz.,  ?./*.,  { lb.,  we* 
have  9x  |=2j  foot-pounds  as  the  work  done  by  the  left  ventricle  at  each 
systole  ;  and  adding  to  this  the  work  done  by  the  right  ventricle  (about  i* 
that  of  the  left)  we  have  2}  +  }  =  3  foot-pounds  as  the  work  done  by  the  heart. 
at  each  contraction.  Other  estimates  give  J  kiiogrammetre,  or  about  3 A. 
foot-pounds. 

Dr.  Haughton  calculates  that  tlie  total  work  of  the  heart  in  24  hrs.  is  about 
lu^foot'towt. 

Influence  of  the  Nervous  System  on  the  action  of  the^ 
Heart. — The  heart  contains  in  its  own  walls  microscopic  ganglia 
or  nerve-centres  and  inter-communicating  nen'e-fibres,  bj  which* 
its  action  is  immediately  goyemed.  • 

Under  ordinary  conditions,  the  contact  of  blood  with  the 
endocardium  and  the  accompanying  distension  of  the  hcart'» 
ttTities  are  the  stimuli,  which,  by  reflex  action  through  these 
gugiia  and  nerve-fibres,  excite  the  heart's  contraction.  The  mo- 
BMQtaiy  exhaustion  of  the  nerve-  and  muscle-apparatus,  whicb 
of  necessity  follows  the  contraction,  provides  the  condition  of 
ablation,  under  which  the  heart's  cavities  can  be  again  distended 
^  the  in-flowing  blood. 

This  alternation  of  contraction  and  dilatation,  which  is  repeated 
^  regular  intervals  of  rather  less  than  a  second,  is  called  the 
^ythm  of  the  heart. 

The  functions  of  the  microscopic  ganglia  present  in  the  heart 
^^^  been  made  the  subject  of  physiological  experiments  only  in 
^d-blooded  animals.  In  the  frog,  ganglia  (lieroak's)  lie  in  the 
*»I1  of  the  sinus  venosus ;  another  ganglion  (Bidder's)  is  situate- 
"^  the  junction  of  the  auricles  with  the  ventricle,  and  a  third 
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group  of  ganglion  io  corpusdes  is  situate  ia  the  septum  between 
the  two  auricles. 

There  cau  be  little  doubt  that  tbeae  ganglia,  or,  at  least,  sotne 
of  them,  are  the  nerve-centres  through  which  is  reflected  the 
stimulus  which  excites  the  heart's  contraction ;  for  when  the 
heart  is  divided  into  two  or  mors  parts,  only  those  parts  vfaicb 
contain  ganglionic  corpuscles  are  capable  of  pulsating  rhythmically. 

When  the  heert  is  divided  or  ligatured  at  the  line  of  junction 
of  the  tinut  venatM  with  the  right  auricle,  the  sinus  coatinues  to 
pulsate,  while  the  rest  of  the  Ikeart  ia,  for  a  time,  motionless : 
(Stannius.)  although,  after  a  time,  it  again  begins  to  act;  but  its 
rhythm  is  now  different  from  that  of  the  sinus.  If  the  ventriole 
be  cut  off  from  the  auricles  it  will  continue  to  pulsate ;  and  its 
rtiythmic  pulsation  will  at  once  re-commence,  if  this  be  done 
during  the  time  in  which  the  heart  is  lying  motionless  on  aoooont 
«f  the  separation,  as  just  mentioned,  of  the  sinus  v< 


Fig.  96- • 


Although,  under  ordinary  conditions,  the  apparatus  of  gai^ik 
and  serve-fibres  in  the  substance  of  the  heart  forms  the  mediom 
through  vhich  its  action  is  excited  and  rhythmically  maintuned, 
yet  they,  and,  through  them,  the  heart's  contmctiona  are  re- 
gulated by  nerves  which  pass  to  them  from  tlie  higher  nerre- 
centres.  These  nerves  are  branches  from  the  pneumogastrio  and 
sympathetic. 

Inhibition  of  Heart's  Aotion. — The   pueurnognstrio  nerves 


•  Fig.  96.  Hcnrt  of  frog  (Burdoii-Snndrraon  after  Fritsclie).  FroDt  view 
to  tlie  left,  back  view  to  the  ri«btL  A  A.  .tm-tn:.  V.  c.  b.  Vaia  cava  «■- 
perioru.  At.  s.  left  auridt.  At  il.  riglU  aaridt.  Vtu.  Ventricle.  B,  «r. 
Jliillnii  arUrioas.  S.  v.  Sintu  rcMOjtiu.  V.  c.  L  Feiut  cor*  inftrior.  V.  k. 
Yttut  hepaliac     V,  p.  VtTuc  puhiMiiaks. 
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are  the  media  of  an  inhibitory  or  restraining  influence  over  the 
action  of  the  heart  which  is  conveyed  through  them  from  the 
mednUa  oblongata,  and  which  is  always  in  operation.     For,  on 
dividing  these  nerves,  the  pulsations  of  the  heart  are  increased  in 
fireqnencj;  while  an  opposite  effect  is  produced  by  stimulating 
them, — the  transmission  of  a  galvanic  current  of  even  moderate 
strength  diminishing  the  number  of  pulsations  or  stopping  the 
action  of  the  heart  altogether  (in  diastole).     This  inhibitory  in- 
fluence may  originate  in  the  medulla  oblongata,  or  may  be  merely 
rrfUeUd  by  it.     As  an   example   of  the  latter,  the  well-known 
effect  on  the  heart  of  a  violent  blow  on  the  epigastrium  may  be 
referred  to.     The  stoppage  of  the  heart's  action  is  due  to  the 
conveyance  of  the  stimulus  by  fibres  of  the  sympathetic  to  the 
medulla  oblongata,  and  its    subsequent  reflection  through  the 
pneumogastric  to  the  heart's  ganglia. 

It  appears  pretty  certain  that  the  inhibition  of  the  heart's  beats,  by  means 
of  the  Tagns,  is  not  a  simple  action,  but  that  this  nerve  proclnces  inhibition 
^  Getting  in  motion,  as  it  were,  certain  local  centres  in  the  heart  itself.  These 
inhibitory  centres  are  paralyzed  by  atropin,  and  then  no  amount  of  stimu- 
lation of  the  Tagus  or  of  the  heart  itself,  will  produce  any  effect  upon  tlie 
<^ttdiac  beats.  Urari  in  large  doses  paralyzes  the  vagus  fibres,  but  in  thia 
c^,  as  the  inhibitory  action  can  be  produced  by  direct  stimulation  of  the 
1^  it  is  inferred  that  this  drug  docs  not  paralyze  the  ganglia  themselves. 

Acceleration  of  Heart's  Action. — Through  certain  fibres 
of  the  sympathetic,  the  heart  receives  an  accelerating  influence 
from  the  medulla  oblongata.  These  accelerating  nerve-fibres, 
isoing  firom  the  *  spinal  cord  in  the  neck,  reach  the  inferior 
^crrical  ganglion,  and  pass  thence  to  the  cardiac  plexus,  and  so 
to  the  heart.  Their  function  is  shown  in  the  quickened  pulsation 
^hich  follows  stimulation  of  the  spinal  cord,  when  the  latter  has 
^  cut  off  from  all  connection  with  the  heart,  excepting  that 
^hich  is  formed  by  the  accelerating  filaments  from  the  inferior 
^^'vical  ganglion.  Unlike  the  inhibitory  fibres  of  the  pneumo- 
S'^c,  the  accelerating  fibres  are  not  continuously  in  action. 

"^  accelerator  nerves  must  not  be  considered  as  antagonists  of  the  vagus  ; 
fori!  at  the  moment  of  their  maximum  stimulation,  the  vagus  be  stimulateil 
^th  nunimam  currents,  inhibition  is  produced  with  the  same  readiness  as  if 
^*^^  ^ere  not  acting. 

"Hie  connection  pf  the  heart  with  other  organs  by  means  of  the 
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nervous  system,  and  the  influences  to  which  it  is  subject  through 
them,  are  shown  in  a  striking  manner  by  the  phenomena  of 
disease.  The  influence  of  mental  shock  in  arresting  or  modifying 
the  action  of  the  heart,  the  slow  pulsation  which  accompanies 
compression  of  the  brain,  the  irregularities  and  palpitations 
caused  by  dyspepsia  or  hysteria,  are  as  good  evidence  of  the 
connection  of  the  heart  with  other  organs  through  the  nervous 
system,  as  any  results  obtained  by  direct  experiment. 

Effects  of  the  Hearths  Action. — ^That  the  contractions  of 
the  heart  supply  aloue  a  8ui¥icient  force  for  the  circulation  of  the 
blood,  is  established  by  the  results  of  several  experiments,  of 
which  the  following  is  one  of  the  most  conclusive  : — Dr.  Sharpey 
injected  bullock's  blood  into  the  thoracic  aorta  of  a  dog  recently 
killed,  after  tying  the  abdominal  aorta  above  the  renal  arteries, 
and  found  that,  with  a  force  just  equal  to  that  by  which  the 
ventricle  commonly  impels  the  blood  in  the  dog,  the  blood  which 
he  injected  into  the  aorta  passed  in  a  free  stream  out  of  the  trunk 
of  the  vena  cava  inferior.  It  thus  traversed  both  the  systemic 
and  hepatic  capillaries ;  and  when  the  aorta  was  not  tied  above 
the  renals,  blood  injected  under  the  same  pressiu'e  flowed  fireely 
thix>ugh  the  vessels  of  the  lower  extremities.  A  pressure  equal  to 
that  of  one  and  a  half  or  two  inches  of  mercury  was,  in  the  same 
way,  found  sufficient  to  propel  blood  through  the  vessels  of  the 
lungs. 

But  although  it  is  true  that  the  heart's  action  alone  is  sufficient 
to  insure  the  circulation,  yet  there  exist  several  pther  forces  which 
are,  as  it  were,  supplementary  to  the  action  of  the  heart,  and 
assist  it  in  maintaining  the  circulation.  The  principal  of  these 
supplemental  forces  have  been  already  alluded  to,  and  will  now 
be  more  fully  pointed  out. 

The  Arteries. 

The  walls  of  the  arteries  are  composed  of  three  principal  coats, 
termed  the  external  or  tunica  adventUia,  the  middUy  and  the  internal 
coat  or  tunica  intimOy  while  the  latter  is  lined  within  by  a  single 
layer  of  tessellated  epithelium  or  endothelium. 

The  external  coat  or  tunica  ad ventitia  (fig&  ioi,t,a,  and  io6,^a.), 
the  strongest  and  toughest  part  of  the  wall  of  the  artery,  is  formed 
of  areolar  tissue,  with  which  is  mingled  throughout  a  network 
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of  elastic  fibres.  At  the  iimer  part  of  this  outer  coat  the  elastic 
network  forms  in  moat  arteries  bo  distinct  a  layer  aa  to  be 
sometimes  called  the  external  elattic  coat  (fig.  106,  e.  e.). 

The  middle  coat  (fig.  106,  m.)  is  composed  of  both  muscular 
and  eloHtio  fibres,  with  a  certaiu  proportion  of  areolar 
tissue.  In  the  larger  arteries  (fig.  99)  its  thick- 
ness is  compamtively  as  well  oa  absolutely  much 
greater  than  in  the  small,  constitutiug,  aa  it  does, 
the  greater  part  of  the  arterial  wall. 

The  muscular  fibres,  which  axe  of  the  pale  or 
iinBtriped  variety  (fig.  98)  (sec  Chapter  au  Motion), 
are  arranged  for  the  most  part  transversely  to  the 
long  axia  of  the  artery  (fig.  97,  m.)  ;  while  the  elastic 
element,  taking  also  a  transverse  direction,  is  dis 
posed  in  the  form  of  closely  interwoven  and 
branching  fibres,  which  intersect  in  all  parts  the 
layers  of  muscular  fibre  (fig.  99,  e,  /).  In  arteries  of 
various  size  there  ia  a  difference  in  the  proportion  of 
the  muscular  and  elastic  element,  clastic  tiasuc  pre- 
ponderating in  the  laigest  arteriea,  while  this  condition  in  reversed 
in  those  of  medium  and  small  size. 

The  inlertuil  arterial  coat  is  formed  by  layci-s  of  elastic  tissue, 
coisiatiug  in  part  of  coarse  longitudinal  branching  fibres,  and  in 
psrt  of  a  vety  thin  and  brittle  membrane  which  possesses  little 
elwticity,  and  ia  tiirowu  into  fdds  or  wrinkles  when  the  artery 
^tnt£ts.  This  latter  membrane,  the  striated  or  fenestrated 
coat  of  Henle  (fig.  104),  is  peculiar  in  its  tendency  to  curl  up,  when 
peeled  off  from  the  artery,  and  in  the  perforated  and  streaked 
*{>pearance  which  it  presents  under  the  microscope.  Its  inner 
surface  is  lined  with  a  delicate  layer  of  endothelium,  composed 
<>(  tliia  squamous  elongated  cells  (fig.  102,  a.),  which  moke  it 
■wootli  and  polished,  and  furnish  a  nearly  impermeable  surface, 
along  which  the  blood  may  flow  with  the  smallest  possible  amount 
"  Krigtance  from  friction. 


'  %  97-  Minute  arUiy  viewed  in  longitudinal  aection.  e.  Nucleated 
*Wlidiil  membtaue,  with  faint  nndei  in  lamen,  looked  at  from  above,  i. 
^m  cluttic  tunica  intima.  m.  Uiucular  coat  or  tunica  media,  a.  Tonica 
•dnncitit  {Klein  and  Noble  Smith),      x  35a. 


162 


CIRCULATION  OF  THE  BLOOD. 


[CB 


Immediately  external  to  tho  epithelial  lintng  of  the  artery  le 
flue  connective  tissue,  mb-epUheltal  lagvr,  with  branched  cor 
pusclea.  Thiis  the  internal  ooat  consists  of  three  ports,  (a)  an 
epithelial  or  endothelial  lining,  (b)  the  sub  epithelial  layer,  and 
(e)  elastic  layers. 

Fig  99t 


r-S— 


Vftsa  Tasomm. — The  walla  of  the  arteries,  with  the  possible 
exception  of  tho  endothelial  lining  and  the  layers  of  the  internal 
coat  immediately  outside  it,  are  not  nourished  by  the  blood  which 
they  convey,  but  are,  like  other  parts  of  the  body,  supplied  with 


'  Fig.  98.  HubcoIbt  fibie-cellB  from  hmmtn  arteries,  magnified  350  dia- 
meters  (Kbiliker).     a.  Nucleus,     b.  A  Sbre-cell  treated  witb  scetic  scid. 

+  Fir.  99.  Transverse  section  of  Aorta  through  internal  and  about  li»lf 
the  middle  coat.  a.  Liaing  eadotheliiun,  with  the  nuclei  of  the  cells  only 
shown,  b.  Subepithelial  lajer  of  connective  tisane,  c,  d.  Elastic  tniticft 
intima  proper,  with  fibrils  running  circularly  or  longitndinally.  «,  /.  Middle 
e<nt,  coneisting  of  clastic  fibres  arranged  loofptadiasll]',  with  muscle-fibre* 
<!Qt  obliqaely,  or  longitudinally. 
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little  arteries,  eoding  in  capillariea  and  veing,  which,  braachiag 
throngbout  the  extenial  coat,  extend  for  some  diatanoe  into  the 
middle,  bnt  do  oot  reach  the  iDtemol  coat  These  nutrieDt  vessels 
ore  called  vatavtuorum. 


Pig.  100.  • 


Vnri  Tflflomm. — Most  arteries  arc  surroundetl  by  a  ploxus  of 
■jniiitthetic  nerres,  which  twine  around  the  Tessel  veiy  much  like 
itf  nmud  a  tree ;  nnd  ganglia  are  found  at  frequcut  intervals.  The 
*>»lkrt  arteriea  and  capillaries  are  also  surrounded  by  a  very 
^cate  network  of  similar  ncrrc-fibres,  many  of  which  appear  to 


Hft.  loa  Blood-TeaaelB  from  mesocolon  o(  nbbit.  a.  Arlmj,  with  two 
**%&(■,  diowing  (r.  n.  nndei  of  tniuveree  mtucuhr  fibrei ;  I.  n.  nuclei  of 
'*Mtdiil  lining ;  t.  a.  tanica  adrGntitU.  v.  Vein.  Here  tbe  tnnsrene 
"Jtlai  ire  more  oval  than  thoie  of  the  artery.  The  vsin  receive:!  a  taudl 
^*Mfa  *t  the  lower  end  of  the  dnwing ;  it  is  distinguished  from  the  arterj 
■••^  other  thiop  by  its  Btnighter  coane  and  larger  calibre,  c.  CajHUary 
■■Kwing  nuclei  of  endothelial  cells,      x  300.     (Schofield.) 


I64 


ClfiCULATION    OF   THE  BLOOD. 


[chap.  TL 


end  iu  the  imolei  of  tbo  transverBC  muBcular  fibres  (fig.  105).  It 
is  through  these  plexiisea  that  tho  calibre  of  the  veaeela  is  r^a- 
|ated  bj  the  nervous  aystem  (fk  180). 

Kj-  102.t 


Lymptaatiofl  of  Arterlea  and  Velni. — Lymphatio  spaam  tam 
present  in  the  coats  of  both  artories  and  veins ;  but  in  tiie  taniflk 
ndvcntitia  or  external  coat  of  lai^  vessels  they  form  a  dutsnot 

plexus  of  more  or  leas  tubular  vessels.  In  smaller  vessels  th^ 
appear  as  siuous  spaces  lined  b;  endothelium.  Sometimes,  as  in 
the  arteries  of  the  omentum,  mesentery,  and  membranes  of  the 
brain,  in  the  ]mlmonary,  hcpntic,  and  splenic  arteries,  the  spaces 
ore  continuous  with  vessels  which  distinctly  cnsheatii  them — 
perivatetUctr  lympJiatie  ehfallu  (fig.  103).  Lymph  channels  are  said 
to  be  present  also  in  t!io  tunica  media. 


•  Fig.  101.  TransversB  section  of  amall  arltry  from  eott  p«Ute.  e,  eoilu- 
tlitlial  liDiDf;,  tho  nuclei  of  tlie  cells  are  sliown  ;  i,  clastic  tissue  of  the  intimi, 
which  ia  a  good  denl  folded  ;  c.  tit.  circular  muscular  coat,  showiiig  nuclei  of 
the  muscle  cells  :  I.  a.  tunica  Bdventitia.      k  300.     (Schofield.) 

t  Fig.  I03.  Th-o  blood-vcsBcU  from  a  frog's  mesentery,  injected  with 
nitmtc  of  silver,  ahoiring  the  outliaes  of  the  Giidothelial  cells,  a,  ^rUry. 
The  endotliclinl  cells  are  long  and  narrow  ;  the  transverae  marling,  indicate 
the  muscular  coat.  (.  it.  Tunica  adventitia.  u.  Kein.  Shoving  the  shurtw 
and  wider  eudothelial  cells  with  which  it  is  lined,  c,  c  Two  eapillviet  enter- 
ing the  reb  (3chalield}. 


FUNCTIONS   OP  AfiTEEIES.  l6$ 


FnnotloiiB  <^  the  Arteries. — The  function  of  the  arteries  U 
to  convey  blood  from  the  heart  to  all  parts  of  the  bodj,  and  each 


titBoe  which  enters  into  the  construction  of  na  arteiy  has  a  special 

(nupoae  to  serve  in  this  distribution. 

Tonetiona  of  Sxtemal  Coat, — The  eztcrnal  coat  forms  a 
ttnog  and  tough  inveBtment,  which,  though  capable  of  extension, 
tppeon  principally  designed  to  strengthen  the  arteries  and  to  guard 
H^nst  their  excesuve  distension  by  the  force  of  the  heart's  action. 
It  it  this  ooat  which  alone  pravents  the  complete  severance  of  an 
Weiy  when  a  ligature  is  tightly  applied ;  the  internal  and  middle 


Tig.  103.  Surface  view  of  an  »rtery  from  tho  mesentery  of  a  froR 
'!'*«»U>ad  in  *  perivaKoItr  lymphatic  vesseL  a.  The  artery,  with  its 
iittlw  mtucnlar  et»t  (media),  indicateil  hy  hroail  transyerse  markings,  vitli 
n  ndieatioa  of  tb*  sdventitia  outside.  I.  Lymphatic  ressel ;  its  wall  ia  a 
nofle  ■iiMlntl.«li»l  tDemhrane.  (Klein  anil  Noble  Smith.) 
^  R^  104.  Portion  of  feneetnited  membrane  from  the  femoral  attcrj. 
"  Xa    a,  b,  e.  Pnforationi  (HsDlr^ 
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coatB  being  divided.  In  it,  too,  the  littlo  va»a  vasomm  (p.  i6i) 
find  ft  suitable  tissue  in  which  to  subdivide  for  the  supply  of  the 
arterial  cuats. 

Functions  of  Elaatio  Tissue. — The   purpose  of  the    elastic 
tissue,  which  cntei's  so  largely  into  the  formation  of  all  the  coats 


Fig.  las* 


Fif.  io6.t 


of  the  arteries,  is,  {a)  to  gunrd  the  aiienet)  from  the  suddenly 
exerted  pressure  to  wbicb  tliey  are  subjected  at  each  contraction 
of  the  ventricles  In  every  such  contraction,  the  contents  of  the 
ventricles  ore  forced  int«  tht,  artcnes  more  quickly  tliau  they  can 
be  discharged  into  and  throiigli  tlie  capillaries.  The  blood  there- 
fore bcino'  for  an  instant  resisted  in  ita  onward  course,  a  part  of 
the  force  i^ith  whicli  it  wna  impelled  is  directed  against  the  |ides 
of  the  arteries  ;  uudcr  this  force  their  clastic  walls  dilate,  stretch- 


*  Fig.  105.  Kumificstioii  of  nerves  nud  tenninatiou  in  tlie  musculu  coat  of 
a  small  artery  of  the  frog  [Arnold). 

+  Fif;.  106.  TransTcrso  aection  through  a  largo  branch  of  the  inferior 
mesenteric  artery  of  a  pig.  e,  endothelial  memliraue  ;  i,  tnnica  elaatica  in- 
terna, no  subendothelisl  layer  is  seen  ;  m,  muscular  tanica  media,  contaioinf; 
only  a  few  n-nvy  clastic  fibres  ;  e,'c,tuuicaelastica  externa,  dividing  the  medis 
from  the  connective  tissne  Hdventitia,  a.     (iUein  and  Noble  Smiib. )      x  35a 
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ing  enough  to  receive  the  blood,  and  as  they  stretch,  becoming 
more  tense  and  more  resisting.  Thus,  by  yielding,  they,  as  it 
were,  break  the  shock  of  the  force  impelling  the  blood. 

On  the  subsidence  of  the  pressure,  when  the  ventricles  cease 
contracting,  the  arteries   are   able,   by  the   same  elasticity,   to 
resume  their  former  calibre ;  and  in  thus  doing,  they  manifest  (b) 
another    chief    purpose    of    their    elasticity,    that,    namely,   of 
equalizing  the  current  of  the  blood  by  maintaining  pressure  on 
the  blood  in  the  arteries  during  the  periods  at  which  the  ven- 
tricles are  at  rest  or  dilating.     If  the  aftcries  had  been  rigid 
tubes,  the  blood,  instead  of  flowing  as   it  does,  in  a  constant 
stream,  would  have  been  propelled  through  the  arterial  system 
in  a  series  of  jerks  corresponding  to  the  ventricular  contractions, 
with  intervals  of  almost  complete  rest  during  the  inaction  of  the 
ventricles*     But  in  the  actual  condition  of  the  arteries,  the  force 
of  the  successive  contractions  of  the  ventricles  is  expended  partly 
in  the  direct  propulsion  of  the  blood,  and  partly  in  the  dilatation 
<  of  the  elastic  arteries ;  and  in  the  intervals  between  the  con- 
tractions of  the  ventricles,  the  force  of  the  recoiling  and  con- 
tracting   arteries  is  employed   in  continuing    the    same   direct 
piopulsion.     Of  course,  the  pressure  exercised  by  the  recoiling 
arteries  is  equally  diflused  in  every  direction  through  the  blood, 
and  the  blood  would  tend  to  move  backwards  as  well  as  onwards, 
but  all  movement  backwards  is  prevented  by  the  closure  of  the 
semi'lunar  arterial  valves  (p.  145),  which  takes  place  at  the  very 
commencement  of  the  recoil  of  the  arterial  walls. 

By  this  exercise  of  the  elasticity  of  the  arteries,  all  the  force  of 
tbe  Tentricles  is  made  advantageous  to  the  circulation ;  for  that 
port  of  their  force  which  is  expended  in  dilating  the  arteries,  is 
restored  in  full  when  they  recoil.  There  is  thus  no  loss  of  force  ; 
but  neither  is  there  any  gain,  for  the  elastic  walls  of  the  artery 
cannot  originate  any  force  for  the  propulsion  of  the  blood — they 
o^y  restore  that  which  they  received  fix)m  the  ventricles.  The 
foJtc  with  which  the  arteries  are  dilated  every  time  the  ventri- 
cles contract,  might  be  said  to  be  received  by  them  in  store,  to 
^  all  given  out  again  in  the  next  succeeding  period  of  dilatation 
^  the  ventricles.  It  is  by  this  equalizing  influence  of  the 
Kuccessiye  branches  of  every  artery  that,  at  length,  the  inter- 
Dutteat  accelerations  produced  in  the   arterial   current  by  the 
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action  of  the  heart,  cease  to  be  observable,  and  the  jetting  stream 
is  eonycrted  into  the  continuous  and  equable  movement  of  the 
blood  which  we  see  in  the  capillaries  and  veins. 

In  the  production  of  a  continuous  stream  of  blood  in  the 
smaller  arteries  and  capillaries,  the  resistance  which  is  offered  to 
the  blood-stream  in  these  vessels  (p.  i88),  is  a  necessary  agent. 
Were  there  no  greater  obstacle  to  the  escape  of  blood  from  the 
larger  arteries  than  exists  to  its  entrance  into  them  from  the  heart, 
the  stream  would  be  intermittent,  notwithstanding  the  elasticity 
of  the  walls  of  the  arteries. 

(c.)  By  means  of  the  clastic  Ibissue  in  their  walls  (and  of  the 
muscular  tissue  also),  the  arteries  are  enabled  to  dilate  and 
contract  readily  in  correspondence  with  any  temporary  increase 
or  diminution  of  the  total  quantity  of  blood  in  the  body ;  and 
within  a  certain  range  of  diminution  of  the  quantity,  still  to 
exercise  due  pressure  on  their  contents. 

The  clastic  coat,  however,  not  only  assists  in  restoring  the 
normal  calibre  of  an  artery  after  temporary  dilatation^  but  also,' 
{d.)  may  assist  in  restoring  it  after  diminution  of  the  calibre, 
whether  this  be  caused  by  a  temporary  contraction  of  the  mus-. 
cular  coat,  or  the  application  of  a  compressing  force  from  without. 
This  action  of  the  elastic  tissue  is  well  shown  in  arteries  which, 
having  contracted  by  means  of  their  muscular  element,  after  death, 
regain  their  average  patency  on  the  cessation  of  post-mortem 
rigidity  (p.  170).  {e.)  By  means  of  their  elastic  coat  the  arteries 
are  enabled  to  adapt  themselves  to  the  different  movements  of  the 
several  part«  of  the  body. 

Funotions  of  Muscular  Tissue. — The  most  important  oflBce 
of  the  muscular  coat  is,  (i)  that  of  regulating  the  quantity  of  blood 
to  be  received  by  each  part  or  organ,  and  of  adjusting  it  to  the  re- 
quirements of  each,  according  to  various  circumstances,  but, 
chiefly,  according  to  the  activity  with  which  the  functions  of  each 
are  at  different  times  performed.  The  amount  of  work  done 
by  each  organ  of  the  body  varies  at  different  times,  and  the 
variations  often  quickly  succeed  each  other,  so  that,  as  in  the 
brain  for  example  during  sleep  and  waking,  within  the  same 
hour  a  part  may  be  now  very  active  and  then  inactive.  Id 
all  its  active  exercise  of  function,  such  a  part  requires  a 
larger    supply    of  blood  than    is   sufficient    for  it   during  the 
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times  when  it  is  comparatively  inactiya  It  is  evident  that 
tbe  heart  cannot  regulate  the  supply  to  each  part  at  different 
periods ;  neither  could  this  be  regulated  by  any  general  and  uni- 
form contraction  of  the  arteries ;  but  it  may  be  regulated  by  tho 
power  which  the  arteries  of  each  part  have,  in  their  muscular 
tiasne,  of  contracting  so  as  to  diminish,  and  of  passively  dilating 
or  yielding  so  as  to  permit  an  increase  of,  the  supply  of  blood, 
according  to  the  requirements  of  the  part  to  which  they  are  dis- 
tributed. And  thus,  while  the  ventricles  of  the  heart  det^mine 
the  total  quantity  of  blood,  to  be  sent  onwards  at  each  contraction, 
and  the  force  of  its  propulsion,  and  while  the  largo  and  merely 
elastic  arteries  distribute  it  and  equalise  its  stream,  the  smaller 
arteries,  in  addition,  regulate  and  determine,  by  means  of  their 
muscular  tissue,  the  proportion  of  the  whole  quantity  of  blood 
»hich  shall  be  distributed  to  each  part. 

It  must  be  remembered,  however,  that  this  regulating  function 
of  the  arteries  is  itself  governed  and  directed  by  the  nervous  system. 

Another  function  of  the  muscular  element  of  the  middle  coat 

of  arteries  is  (2),  to  co-operate  with  the  elastic  in  adapting  the 

calibre  of  the  vessels  to  the  quantity  of  blood  which  they  contain. 

For  the  amoimt  of  fluid  in  the  blood-vessels  varies  very  consider- 

iblyeven  from  hour  to  hour,  and  can.  never  be  quite  constant; 

ind  were  the  elastic  tissue  only  present,  the  pressure  exercised  by 

the  walls  of  the  containing  vessels  on  the  contained  blood  would 

be  sometimes  very  small,  and  sometimes  inordinately  great.     The 

presence  of  a  muscular  element,  however,  provides  for  a  certain 

^onnity  in  the  amount  of  pressiu-c  exercised  ;  and  it  is  by  this 

adaptative,  imiform,  gentle,  muscular  contraction,  that  the  normal 

'0K«  of  the  blood-vessels  is  maintained.     Deficiency  of  this  tone  is 

^  cause  of  the  soft  and  yielding  pulse,  and  its  unnatural  excess, 

^the  hard  and  tense  one. 

The  elastic  and  muscular  contraction  of  an  «artery  may  also  be 
'^garded  as  fulfilling  a  natural  purpose  when  (3),  the  artery  being 
^  it  first  limits  and  then,  in  conjunction  with  the  coagulated 
"^  arrests  the  escape  of  blood.  It  is  only  in  consequence  of 
••^ch  contraction  and  coagulation  that  we  are  free  from  danger 
^kjtmgh  even  very  slight  wounds ;  for  it  is  only  when  the  artery 
ii  closed  that  the  processes  for  the  more  permanent  and  secure 
{Mention  of  bleeding  are  established. 
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(4.)  There  appears  no  sufficient  reason  for  supposing  that  the 
muscular  coat  assists,  to  more  than  a  very  small  degree,  in  propelling 
the  onward  ciurent  of  blood.  That  it  does  contribute,  however, 
to  the  forces  concerned  in  the  circulation  of  the  blood,  may  be 
fairly  inferred  not  only  from  the  presence  of  muscular  fibres,  but 
from  the  actual  observations  of  contractions  of  the  arteries  during 
life,  in  some  of  the  lower  animals,  (rabbit,  bat,  frog,)  the  rhythm 
of  which  is  quite  different  from  that  of  the  heart.  (Wharton 
Jones,  Schiff,  Ludwig,  Brunt  on.) 

(i.)  AVhcii  a  small  artery  in  the  living  sabject  I8  exposed  to  the  air  or 
sold,  it  gradually  but  manifestly  contracts.  Hunter  observed  that  the 
])06terior  tibial  artery  of  a  dog  when  laid  bare,  became  in  a  short  time  so 
much  contracted  as  almost  to  prevent  the  transmission  of  blood ;  and  the 
observation  has  been  often  and  variously  confirmed.  Simple  elasticity  could 
not  effect  this  ;  for  after  death,  when  the  vital  muscular  power  has  ceased, 
and  the  mcchmiical  elastic  one  alone  operates,  the  contracted  artery  dilates 
again. 

(2.)  When  an  artery  is  cut  across,  its  divided  ends  contract,  and  the 
orifices  may  be  completely  closed.  The  rapidity  and  completeness  of  this 
contraction  vary  in  different  animals ;  they  are  generally  greater  in  young  than 
in  old  animals  ;  and  less,  apparently,  in  man  than  in  the  lower  animals.  This 
contraction  is  due  in  part  to  elasticity,  but  in  part,  also,  to  muscular  action ; 
for  it  is  generally  increased  by  the  application  of  cold,  or  of  any  simple 
stimulating  substances,  or  by  mechanically  irritating  the  cut  ends  of  the 
artery,  as  by  picking  or  twisting  them. 

(3.)  Tlie  contractile  pi-ojMirty  of  arteries  continues  many  hours  after  death, 
and  thus  affords  an  opportunity  of  distinguishing  it  from  their  elasticity. 
When  a  portion  of  an  arterj-,  the  splenic,  for  example,  of  a  recently  killed 
animal,  is  exposed,  it  gradually  contracts,  and  its  canal  may  be  thus  com- 
pletely closed  :  in  this  contracted  state  it  remains  for  a  time,  varying  from 
a  few  hours  to  two  days :  then  it  dilates  again,  and  permanently  retains  the 
same  size. 

This  jxirsistcnce  of  the  contractile  property  after  death  was  well  shown  in 
an  observation  of  Hunter,  which  may  be  mentioned  as  proving,  also,  the 
greater  degree  of  contractility  possessed  by  the  smaller  than  by  the  Lugei 
arteries.  Having  injected  the  uterus  of  a  cow,  which  had  been  removed 
from  the  animal  upwards  of  twenty-four  hours,  he  found,  after  the  lapse  of 
another  day,  that  the  larger  vessels  had  become  much  more  turgid  than 
when  he  injected  them,  and  that  the  smaller  arteries  had  contracted  so  as  toi 
force  the  injection  back  into  the  larger  ones. 


Fonotions  of  Endothelium. — The  function  of  the  endothelii 
lining  membrane  of  ai*teries  is  to  present  a  smooth  surface  oi 
which  the  blood  may  flow  with  a  minimum  of  friction. 

Tension  of  Arteries. — The  natural  state  of  all  arteries,  vxi 
regard  at  least  to  their  length,  is  one  of  tension — they  are  always 
more  or  less  stretched,  and  ever  ready  to  recoil  by  virtue  of  their 
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elasticity,  whenever  the  opposing  force  is  removed.  The  extent  to 
which  the  divided  extremities  of  arteries  retract  is  a  measure  of 
this  tension,  not  of  their  elasticity.     (Savory.) 

The  Fi]l8e«-^If  one  extremity  of  an  elastic  tube  be  fastened  to 
fL  syringe,  and  the  other  be  so  constricted  as  to  present  an  obstacle 
to  the  escape  of  fluid,  we  shall  have  a  rough  model  of  what  is 
present  in  the  living  body  : — The  syringe  representing  the  heart, 
the  elastic  tube  the  arteries,  and  the  contracted  orifice  the 
arterioles  (smallest  arteries)  and  capillaries.  If  the  apparatus  be 
filled  with  water,  and  if  a  finger-tip  be  placed  on  any  part  of  the 
elastic  tube,  there  will  be  felt  with  every  ^tion  of  the  sjrringe, 
an  impulse  or  beat^  which  corresponds  exactly  with  what  we  feel 
in  the  arteries  of  the  living  body  with  every  contraction  of  the 
heart,  and  call  the  pulse.  The  pulse  is  essentially  caused  by  an 
expansion  iMZtv,  which  is  due  to  the  injection  of  blood  into  an 
already  full  aorta ;  which  blood  expanding  the  vessel  produces  the 
pulse  in  it,  almost  coincidently  with  the  systole  of  the  left  ven- 
tricle. As  the  force  of  the  left  ventricle,  however,  is  not  expended 
in  dilating  the  aorta  only,  the  wave  of  blood  passes  on,  expanding 
the  arteries  as  it  goes,  running  as  it  lyere  on  the  surface  of  the 
more  slowly  travelling  blood  already  contained  in  them,  and  pro- 
dacing  the  pulse  as  it  proceeds. 

The  distension  of  each  artery  increases  both  its  length  and  its 

^ameter.     In  their  elongation,  the  arteries  change  their  form,  the 

straight  ones  becoming  slightly  curved,  and  those  already  cm-ved 

becoming  more  so,  but  they  recover  their  previous  form  as  well  as 

their  diameter  when  the  ventricular  contraction  ceases,  and  their 

elastic  walls  recoil    The  increase  of  their  curves  which  accompanies 

tlie  distension  of  arteries,  and  the  succeeding  recoil,  may  be  well 

^'^  in  the  prominent  temporal  artery  of  an  old  person.     In  feel- 

^  the  pulse,  the  finger  cannot  distinguish  the  sensation  produced 

"7  the  dilatation  from  that  produced  by  the  elongation  and  curving ; 

^t  which  it  perceives  most  plainly,  however,  is  the  dilatation,  or 

'^^^  more  or  less,  to  the  cylindrical  form,  of  the  artery  which 

*^  been  partially  flattened  by  the  finger. 

The  pulse— due  to  any  given  beat  of  the  heart — is  not  per- 
^ptible  at  the  same  moment  in  all  the  arteries  of  the  body. 
Thua, — it  can  be  felt  in  the  carotid  a  very  short  time  before  it  is 
P^^ptible  in  the  radial  artery,  and  in  this  vessel  again  before  the 
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dorsal  artery  of  the  foot.  The  delay  in  the  beat  is  in  proportion 
to  the  distance  of  the  artery  from  the  heart,  but  the  difference  in 
time  between  the  beat  of  any  two  arteries  never  exceeds  probably 
t  to  J  of  a  second. 

A  distinction  must  be  carefully  made  between  the  passage  of 
the  wave  along  the  arteries,  and  the  velocity  of  the  stream  (p.  201) 
of  blood.  Both  wave  and  current  are  present ;  but  the  rates  at 
which  they  travel  are  very  different ;  that  of  the  wave,  28*5  feet 
per  second  (E.  H.  Weber),  being  twenty  or  thirty  times  as  great 
as  that  of  the  current. 

The  Sphygmograph. — A  great  deal  of  light  has  been  thrown 
on  what  may  be  called  the  form  of  the  pulse  by  the  sphygmograph 
(figs.  107  and  108).  The  principle  on  which  the  sphygmograph  acts 
is  very  simple  (see  fig.  107).  The  small  button  replaces  the  finger 
in  the  act  of  taking  the  pulse,  and  is  made  to  rest  lightly  on  the 

Fig,  107.* 
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artery,  the  pulsations  of  which  it  is  desired  to  investigate.  The 
up-and-down  movement  of  the  button  is  communicated  to  th( 
lever,  to  the  hinder  end  of  which  is  attached  a  slight  springs  whichiJ 
allows  the  lever  to  move  up,  at  the  same  time  that  it  is  just  stron^^ 
enough  to  resist  its  making  any  sudden  jerk,  and  in  the  interra'-^ 
of  the  beats  also  to  assist  in  bringing  it  back  to  its  ori^nal  posL^<^ 
tion.  For  ordinary  purposes,  the  instrument  is  bound  on  tb^.^ 
wrist  (fig.  108). 

It  is  evident  that  the  beating  of  the  pulse  with  the  reaction 


*  Fig.  toy,    Dingram  of  the  mode  of  action  of  the  SphygxiK^graph. 
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tlie  spring  will  cause  an  up-and-down  movement  of  the  lever,  and 
if  the  extremity  of  the  latter  be  inked,  it  will  write  the  effect  on 
the  card,  which  is  made  to  move  by  clockwork  in  the  direction  of 

Fig.  108.  ♦ 


the  arrow.  Thus  a  tracing  of  the  pulse  is  obtained,  and  in  this 
ivuy  much  more  delicate  effects  can  be  seen,  than  can  be  felt  on  the 
application  of  the  finger. 

Fig.  109  represents  a  healthy  pulse-tracing  of  the  radial  arteiy^ 
but  somewhat  deficient  in  tone.  On  examination,  we  see  that  the 
^p-stroke  which  represents  the  beat  of  the  pulse  is  a  nearly  vertical 

Fig,  109.1 


^^ic,  while  the  down  stroke  is  very  slanting,  and  interrupted  by  a 
*^^t5ht  re^iscent.     The  more  vigorous  the  pulse,  if  it  be  healthy, 


Fig,  iio.t 


^«  less  is  this  re-ascent,  and  vice  versd.     Fig.  no  represents  the 
^^ing  of  a  healthy  pulse  in  which  the  tone  of  the  vessel  is  better 


*  Fig.  108.    The  Sphygmograph  applied  to  the  arm. 

t  Fig.  109.     Pnlae-tradog  of  radial  artery,  somewhat  deficient  in  tone, 

t  Fig.  I  ID.    Firm  and  long  pulse  of  vigorous  health* 
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than  in  the  last  instance,  and  the  down-stroke  is  therefore  less 
interrupted. 

In  the  lai^  arteries,  when  at  least  there  is  much  loss  of  Ume, 
the  up-stroke  is  double,  the  almost  instantaneous  propagation  of 
the  force  of  contraction  of  the  left  ventricle  along  the  column  oi 

Fig.  III.* 


blood  in  the  arteries,  or  the  percussion-impulse  as  it  is  termed  by 
Dr.  Burdon-Sanderson,  being  sufficiently  strong  to  jerk  up  the 
lever  for  an  instant,  while  the  ioave  of  blood,  rather  more  slowly 
propagated  from  the  ventricle,  catches  it,  so  to  speak,  as  it  begins 
to  fan,  and  again  slightly  raises  it. 

In  the  radial  artery  tracings,  on  the  other  hand,  we  see  that 
the  up-stroke  is  single.  In  this  case  the  percussion-impulse  is 
not  sufficiently  strong  to  jerk  up  the  lever  and  produce  an  effect 
distinct  from  that  of  the  systolic  wave  which  immediately  follows 
it,  and  which  continues  and  completes  the  distension.  In  cases 
of  feeble  arterial  tension,  however,  the  pereossion-impiilfle  may 
be  traced  by  the  sphygmograph,  not  only  in  the  carotid  pulse,  but 
to  a  less  extent  in  the  radial  also  (fig.  1 1 1.) 

In  looking  now  at  the  down-stroke  (fig.  109)  in  the  tracings, 
we  see  that  in  the  case  of  an  artery  with  deficient  tone^  it  is 
interrupted  by  a  well-marked  notch,  or,  in  other  words,  that  the 
descent  is  interrupted  by  a  slight  uprising.  There  are  indica- 
tions also  of  slighter  irregularities  or  vibrations  during  the  fall 
of  the  lever ;  while  these  alone  are  to  be  seen  in  the  pulse  of 
health,  or,  in  other  words,  when  the  walls  of  the  artery  ore  of 
good  tone  (fig.  no).  In  some  cases  of  disease  the  re-ascent  is  so 
considerable  as  to  be  perceptible  to  the  finger,  and  this  double 
beat  has  received  the  technical  name  of  ''  dicrotous  *'  pulse.     Af 


*  Fig.  III.     Pulse-tracing  of  radial  artery,  with  double  apex. 
The  above  tracings  are  taken  from  Dr.  Sanderson's  work,  *'  On  the  Sphj 
mograph.** 
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A  diaeaBed  axiditioii  tfais  has  long  been  recognised,  but  it  ia  only 
since  the  invention  of  the  f^bygmognph  that  it  has  been  found 
to  belong  in  a  cOTtain  degree  to  the  normal 
poise  also. 

Yarious  theories  have  been  framed  to 
acoonnt  for  the  dicrotism  of  the  pulse.  By 
some,  it  is  supposed  to  bo  due  to  the  aortic 
Talves,  the  sudden  closure  of  which  stops  the 
incipient  regurgitatiou  of  blood  into  the 
Tentxide,  and  causes  a  moraentaiy  rebound 
throogboat  the  arterial  ^tem ;  while  Dr. 
Bardon-Sanderson  considers  it  to  be  caused 
by  a  rebound  from  the  periphery  rather  than 
from  the  central  part  of  the  circulating  np- 

Tlie  BlooA  Pressure  in  the  Arteries, 
or  Arterial  Tension, 
FnHU  what  baa   been   previously  said,  it 
will  have  become  evident  that  the  blood  in 
the    arteries    is    always    the  subject  of  a 
certain   amount    of   pressure,   both    during 
the  action  of  the  ventricle  and  in  the  in- 
tflTTkls.      In  the   former  case  this  is  the 
direct  result  of  the  force  exercised  by  the 
tcntracting  ventricle,  and,  in  the  latter,  by 
the  force  with  which  the  walls  of  the  arteries  recoil  after  dis- 
tcDuon;    another    necessary  condition    being    the     comparative 
^•Sicalty  with  which  the  blood  escapes  into  the  veins  throi^h 
t^  vterioles  and  capillarieB  (p^  168). 

The  instininent  cmplojred  for  tbe  pnrpoae  <d  gaagiuK  the  omoact  of  the 
"^-pnomre  or  arterial  tenmcn  is  a  mercurial  manometer  (Gg.  II3).  of 
•^  the  short  horizontal  limb  (l)  is  connected,  bj  mcana  jf  an  i-iartie  fjiJe 
^H  anntila,  with  the  interior  of  an  Biter;  ;  a  eointion  of  Bodiom  or  potos- 
"*  oubonale  being  pievioualy  introdnced  into  thia  part  of  the  apparatus 
topiCTent  coagnlatdon  of  the  blood.  The  blood-pressure  is  thns  communi. 
*W  to  the  appet  part  of  the  mercurial  column  (2)  ;  and  the  depth  (o 
•«*  llie  latter  sinks,  added  to  the  height  to  which  it  rises  in  the  other  (3), 
"^  giie  the  height  <tf  the  mercniial  column  wtich  the  blood-presqiru 
^'■M ;  tbe  weight  of  the  soda  solation  being  subtracted. 

'<"  the  eitimation  of  tbe  arterial  tension  at  an;  given  moment,  no  foithci 
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appanttu  thin  thk,  which  u  called  PolieDille'B  i 
soiy ;  bat  for  noting  the  tariatioiu  of  presnire  in  the  arterial  tjtu 
veil  as  ft!  absolQte  amcmnl,  the  instnunent  is  nraally  combmed  * 
reifittering  eppantus  aod  la  this  fonn  ia  called  a  kj/megraplt. 

Pig.  in-* 


The  k^ogniph,  inTented  hj  Ludwig,  is  compoeed  of  a  hsmadyii 
meter,  the  open  mercniial  colamn  of  which  mpporta  a  floating  pistol 


vertical  nxt,  vilh  short  honzoutol  pen  (Gg.  113),    The  pen  is  adjml 


*  Fig.  113.  Dingiain  of  Mrrcarial  K3TnogrBpli.  a.  Floating  rod  ami 
The  arrow  ia  placed  on  the  revolring  paper  cylinder,  on  which  are  iiuc 
the  moTcments  of  the  jhu  in  contact  with  it.  h.  Tube,  which  commtm 
with  a  bottle  containing  an  alkaline  solution,  c  cla^a:  tube  and  cannnli 
latter  heing  inteuded  for  insertion  in  an  artery. 

+  Fig.  114.  NormaltiacingofarterUlpresgare  in  the  rabbit  obtained 
the  mercurial  kymograph.  The  mnuller  nndulationi  correspond  with  the 
iet^ ;  the  lais*i  currea  with  the  Teqnratoiy  moTemcnts  (Baidon-aaodai 
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contact  with  &  sheet  of  paper,  which  is  cansed  (o  more  at  an  onifoTm  mte 
I7  clockwork  ;  and  thug  the  np-and-down  moTements  of  the  mercurinl 
totniiui,  which  are  comamnioated  to  the  rod  and  pen,  are  marked  or 
rtjiMiered  on  the  rnOTinc  paper,  oa  in  the  registering  apparatos  of  the  sphyg- 
aograph,  and  minnle  Tariationa  are  graphically  recorded  (fig,  114). 


("W  rtlh  fluid,  the  interior  of  which  is  brought  into  connection  with  the 
"•"ior  of  an  uteir,  by  means  of  an  elaWic  tube  and  cannula,  as  in  the  last 

fig.  115,  Fick's Spring  Kyinogtsph,  a.  Hollow  C-spring,  fixed  atone 
^  ^  to  a  piece  of  board,  l,  which  is  connected  by  an  upright,  if,  to  tlie 
'nden  tnpport,  1.  The  other  end,  a,  is  freely  moveable,  and  its  movements 
■n  onnmniiicsted  by  the  rod,  c,  to  the  lever,  a  t,  and  thus  to  llio  writing 
■Mile,  o.  nu  C^cpring  ie  filled  with  alcohol,  and  its  interior  comnmnicatet 
•ilA  the  artery  throngfa  the  tube,  k,  which  is  filled  with  a  soda-solution,  and 
to  which  i«  attached  an  elastic  tnbe  and  cannuht. 

f  Fiff.  116.     Normal  arterial  tntcing  obtained  with  Pick's  kymograph  in  the 
deiK  (BDrJon-Saiidertoii). 
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case.  In  response  to  the  pressure  transmitted  to  its  interior,  the  spring 
tends  to  straighten  itself,  and  the  movement  thus  produced  is  commu- 
nicated by  means  of  a  lever.  0,  r,  to  a  vrriting-needle,  6,  and  registering 
apparatus. 

Fig.  116  exhibits  an  ordinary  arterial  pulse-tracing,  as  obtained  by  the 
spring-kymograph. 

From  observations  which  have  been  made  by  means  of  the 
mercurial  manometer,  it  has  been  found  that  the  pressure  of 
blood  in  the  carotid  of  a  rabbit  is  capable  of  supporting  a  column 
of  2  to  3^  inches  of  mercury,  in  the  dog  4  to  5I  inches,  in  the 
horse  8  to  1 2  inches,  and  in  man  about  5^  inches. 

To  measure  the  absolute  amount  of  this  pressure  in  any  artery, 
it  is  necessary  merely  to  multiply  the  area  of  its  transverse 
section  by  the  height  of  the  column  of  mercury  which  is  already 
known  to  be  supported  by  the  blood-pressure  in  any  part  of  the 
arterial  system.  The  weight  of  a  column  of  mercury  thus  found 
will  represeut  the  pressure  of  the  blood.  Calculated  in  this  way, 
the  blood-pressure  in  the  human  aorta  is  equal  to  4  lb.  4  oz.  avoir- 
dupois ;  that  in  the  aorta  of  the  horse  being  1 1  lb.  9  oz. ;  and  that 
in  the  radial  artery  at  the  human  wrists  only  4  drs.  Supposing 
the  muscular  power  of  the  right  ventricle  to  be  only  one-half  that 
of  the  left,  the  blood-pressure  in  the  pulmonary  arteiy  will  be  only 
2  lb.  2  oz.  avoirdupois. 

The  amounts  above  stated  represent  the  arterial  tension  at  the  time  of  the 
ventricular  contraction. 

The  blood-pressure  is  greatest  in  the  left  ventricle  and  at  the 
beginning  of  the  aorta,  and  decreases  towards  the  capillaries.  It 
is  greatest  in  the  arteries  at  the  period  of  the  ventricular  systole, 
and  is  least  in  the  auricles  during  diastole,  when  the  pressure  there 
and  in  the  great  veins  becomes,  as  we  have  seen,  negative.  The 
mean  arterial  pressure  equals  the  average  of  the  pressures  in  all 
the  arteries.  The  pressure  in  the  veins  is  never  more  than  -^Hh 
of  the  pressure  in  the  corresponding  arteries  and  is  greatest  at  the 
lime  of  auricular  systole.  There  is  no  periodic  variation  in  venous 
pressure,  as  there  is  in  the  arterial,  except  in  the  great  veins. 

Variations  of  Blood-Pressure. — Many  circumstances  caus^ 
considerable  variations  in  the  amount  of  the  blood-pressure.     The^ 
following  are  the  chief : — 

I.  The  alternating  systole  and  diastole  of  the  heart;  the  foro^ 
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and  frcqueucy  as  well  as  the  length  of  the  systole  being  goTcmed 
of  couTBc  by  the  heart's  inhibitory  mechanism,  which  may  be 
directly  or  indirectly  stimulated.  They  are  also  influenced  by  the 
accelerator  nerve.  The  arterial  tension  increases  during  systole 
and  diminishes  during  diastole.  The  greater  the  frequency,  more- 
over, of  the  heart's  contractions,  the  greater  is  the  blood-pressure, 
coeUris  paribus ;  although  this  effect  is  not  constant,  as  it  may  l)e 
compensated  for  by  the  dehveiy  into  the  arteries  at  each  beat  of  a 
comparatively  small  quantity  of  blood.  The  greater  the  quantity 
of  blood  expelled  from  the  heart  at  each  contraction  the  greater  is 
the  blood-pressure. 

The  quantity  and  quality  of  the  blood  nourishing  the  heart's 
substance  through  the  coronary  arteries  must  exercise  also  a  very 
considerable  influence  upon  its  action,  and  therefore  upon  the 
blood-pressure. 

2.  The  respiratory  movements.  Arterial  tension  is  increased 
during  inspiration,  and  falls  during  expu'ation.  (Burdon-Sanderson.) 

3.  Variations  in  the  degree  of  contraction  of  the  smaller 
arteries  modify  the  blood-pressure  by  favouring  or  impeding  the 
accumulation  of  blood  in  the  arterial  system  which  follows  every 
contraction  of  the  heart;  the  contraction  of  the  arterial  walls 
increasing  the  blood-pressure,  while  their  relaxation  lowers  it. 

As  with  the  heart,  so  with  the  blood-vessels  the  action  of  the 

nervous  system  is  very  important  in  relation  to  the  blood-pressure  ; 

regulating  as  it  does,  the  condition  of  the  arteries,  both  through 

the  central  and  peripheral  vaso-motor  centres.     The  contraction  of 

tlie  arterial  coats  upon  the  blood  is  greater  also,  within  certain 

liniits,  in  proportion  to  the  increased  force  of  the  heart's  beat ;  and 

^U8  the  increased  tension  produced  by  the  greater  cardiac  stroke 

is  still  fiurther  increased  by  the  peripheral  resistance. 

4'  The  greater  the  total  quantity  of  blood,  the  greater,  cceteriz 
P^^uSj  is  the  blood-pressure. 

A  due  amount  of  blood-pressure  is,  in  the  higher  animals,  one 
^f  the  conditions  of  life ;  inasmuch  as  it  is  only  under  such  cir- 
<^Qmstance8  that  the  blood  is  supplied  to  the  various  organs  and 
tissues  vith  constancy  and  force  sufficient  for  the  maintenance  of 
^ir  functions.  This  is  best  shown  by  the  effect  of  its  absence 
^^  the  higher  organs  of  the  nervous  system ;  lessening  of  the 
"wod-pressure  below  a  certain  amount  being  invariably  accom- 
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panied  by  a  temporary  or  permanent  cessation  of  their  functions. 
Thus,  8^1/ncope  or  fainting  is  caused  by  diminished  blood-pressure 
in  the  cerebral  arteries,  depending  either  upon  feebleness  of  the 
heart's  action,  or  upon  some  other  cause  which  diminishes  the 
arterial  tension,  as  haemorrhage  or  the  like. 

Influence  of  the  Nervous  System  on  the  Arteries. — The 
arteries  of  all  parts  of  the  body  are  supplied  with  nerve-fibres  by 
the  sympathetic  system.  Thus,  the  blood-vessels  of  the  head  and 
neck  receive  fibres  from  the  superior  cervical  ganglion,  those  of 
the  thorax  from  the  cervical  and  upper  dorsal  praevertebral 
ganglia,  and  so  forth;  the  fibres,  however,  being  firequently 
bound  up  in  cerebro-spinal  nerve  bundles,  and  distributed  as 
offsets  from  them. 

Vaso-motor  Nerves  and  Tone  of  the  Arteries. — If  the 
cervical  sympathetic  in  a  rabbit  be  divided,  the  blood-vessels  of 
the  corresponding  side  of  the  head  and  neck  become  dilated. 
The  effect  is  best  seen  in  the  ear,  the  blood-vessels  of  which 
become  manifestly  larger  than  those  of  the  opposite  side ;  while 
the  part  becomes  both  redder  and  warmer  from  the  increased 
blood-supply.  On  stimulating  the  peripheral  end  of  the  divided 
nerve  the  vessels  are  seen  to  contract  again ;  and,  as  long  as 
the  stimulus  lasts,  the  parts  become  paler,  colder,  and  less 
sensitive  than  natural  Thus  the  normal  or  permanent  con- 
traction of  the  arteries  is  evidently  due  to  the  influence  of  the 
nervous  stimulation  of  the  muscular  coats,  and  when  this  is  with- 
drawn as  by  division  of  the  nerve,  the  vessels  dilate.  A  familiar 
example  of  similar  physiological  conditions,  arising  from  a  different 
cause,  is  the  act  of  blushing,  which  is  produced  by  a  temporary 
paralysis  of  blood-vessels,  and  consequently  enlarged  stream  of  blood. 

The  state  in  which  the  vessels  of  a  part  are  usually  found  is  not 
one  of  maximum  contraction.  This  may  be  shown  by  increasing 
the  stimulation  of  the  cut  nerve  in  the  above  experiment  by  a 
maximum  current,  when  the  arteries  are  seen  to  become  much 
more  contracted  than  normal.  The  condition,  about  midway 
between  extreme  contraction  and  extreme  dilatation,  in  which  the 
arteries  should  be  found  is  called  arterial  to7ie. 

The  natural  tone  of  the  arteries  of  a  part  depends  upon 
certain  nerves,  as  we  have  seen  in  the  case  of  tlie  rabbit's 
ear,   the   division    of    which    causes    their    dilatation,   and   the 
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stimulation  of  the  peripheral  end  of  which  causes  contraction. 
This  may  be  shown  to  be  the  case  in  other  parts ;  thus,  division 
of  the  sciatic  nerve  in  a  Mammal  causes  a  dilatation  of  the  vessels 
of  the  leg,  division  of  the  brachial  plexus — a  dilatation  of  the 
vessels  of  the  arm,  division  of  the  splanchnic — of  the  vessels  of  the 
intestines.  These  nerves,  which  control  the  vascular  supply  of  a 
part,  are  calledvaso-motor  ;  or,  since  they  seem  to  run  now  in  cerebro- 
spinal nerves,  now  in  the  sympathetic,  we  speak  of  those  nerves 
as  containing  vaso-motor  fibres,  in  addition  to  the  fibres  which 
have  other  functions. 

Vaso-motor  Nerve-Centres. — Experiments  by  Ludwig  and 

others    show  that  the   vaso-motor  fibres    come  primarily  from 

grey  matter  (vaso-motor  centre)  in  the  interior  of  the  medulla 

oblongata,  between  the  calamus  scriptorius  and  the  corpora  quad- 

rigemina.     Thence  the  vaso-motor  fibres  pass  down  in  the  interior 

of  the  spinal  cord,  and  issuing  with  the  anterior  roots  of  the  spinal 

nerves,  traverse  the  various  ganglia  on  the  prae-vertebral  cord  of 

the  sympathetic,  and,  accompanied  by  branches  from  these  ganglia, 

pass  to  their  destination.     By  the  vaso-motor  nerve-centre  in  the 

medulla,  which  is  always  in  action,  more  or  less,  the  tone  of  all 

the  blood-vessels  is  regulated ;    but    secondary  or  subordinate 

centres  exist  in  the  spinal  cord,  and  local  centres  in  various  regions 

of  the  body,  and  through  these,  directly,  imder  ordinary  circum- 

staaces,  vaso-motor  changes  are  also  efiected.     The  reasons  for 

Sieving  in  the  existence  of  local  centres  will  be  given  further  on. 

The  nerre  impulses  which  issue  from   the  vaso-motor  nerve- 

^tres  are  for  the  most  part  the  results  of  reflex  action,  and 

Diay  lead  to  either  contraction  or  dilatation  of  the  blood-vessels. 

Tliug, — on  stimulating  the  sensory  nerve  of  a  part,  the  stimidus, 

^  sufficiently  strong,  leads  to  contraction  of  all  the  blood-vessels 

of  the  body,  especially  of  the  splanchnic  area,  except  those  which 

^  situate  in  the  region  to  which  the  sensory  nerve  in  question  is 

^^buted ;  and  here  the  blood-vessels  become  dilated.     In  this 

^^7  the  blood-pressure  may  be  increased  without  any  increase  in 

^e  force  or  frequency  of  the  heart's  contractions. 


Hiit  does  not  always  happen  however,  since,  under  certain  circumstances, 
Eolation  of  the  sensory  nerve  of  a  part  produces  generally  dilatation  and 
not  contraction  of  the  arteries,  with  diminution  of  the  blood-pressure.  It 
•ems  hkely,  therefore,  that  the  central  nerve  apparataa  is  able  to  interpTet 
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the  sensory  impulse  as  an  indication  to  diminish  or  to  increase  the  blood- 
pressure  as  occasion  requires. 

Depressor  Nerve. — Cyon  and  Ludwig  discovered  that  a  re- 
markable power  is  exercised  ou  the  dilatation  of  the  blood-vessels 
by  a  small  nerve  which  arises,  in  the  rabbit,  from  the  superior 
laryngeal  branch,  or  from  this  and  the  trunk  of  the  pneumogastric 
nerve,  and  after  communicating  with  filaments  of  the  inferior 
cervical  ganglion  proceeds  to  the  heart  If  this  ner^'e  be  divided, 
and  its  upper  extremity  feebly  galvanised,  an  inhibitory  influence 
is  conveyed  to  the  vaso-motor  centre  in  the  medulla  oblongata,  so 
as  to  cause,  by  reflex  action,  dilatation  of  the  principal  blood- 
vessels, with  diminution  of  the  force  and  frequency  of  the  heart's 
action.  From  the  remarkable  lowering  of  the  blood-pressiure  thus 
produced,  this  branch  of  the  vagus  is  called  the  depressor  nerve ; 
and  it  is  presumed  to  be  a  means  of  conveymg  to  the  vaso-motor 
centre  indications  of  such  conditions  of  the  heart  as  require  a 
diminution  of  the  tension  in  the  blood-vessels ;  as,  for  example, 
when  the  heart  cannot,  with  sufficient  ease,  propel  blood  into  the 
already  too  full  or  too  tense  arteries. 

Direct  aotion  of  the  Vaso-motor  Centres. — In  addition  to 
the  reflex  stimulation  of  the  vaso-motor  centre,  it  can  also  be 
stimulated  to  produce  dilatation  or  constriction  by  impulses  which 
luise  in  the  cerebrum,    as    in   blushing  or  paUor  from  mental 
emotion.     Further,  the  composition  of  the  blood  passing  through, 
the  centres  in  the  medulla  and  elsewhere  may  distinctly  affect 
them,  e.<;.,  deoxygenated  or  venous  blood  may  cause   increasi^ 
of  the    peripheral    resistance  by  constriction  of  the  arteriole^ 
generally. 

Tlie  influence  of  vaso-motor  clianges  m  one  part  or  region  in  relation  ^-' 
other  parts  of  the  body,  is  most  notablj  shown  by  experiments  on  t 
function  of  the  splanchnic  nerves.    These  nerves  contain  the  greater  part 
the  vaso-motor  fibres  of  the  blood-vessels  of  the  abdominal  viscera ;  and, 
the  blood  supply  of  the  latter  is  normally  very  large,  variations  in  its  qc 
tity  will  largely  aflect  the  blood-pressure  of  all  parts.    On  stimulating  _ 
splanchnics  and  thus  causing  contraction  of  the  abdominal  vessels,  ^2i^ 
general  blood-pressure  rises  very  considerably.    On  dividing  these  nerw^e^ 
on  the  other  hand,  the  abdominal  blood-vessels  dilate,  and  the  blood-pre»' 
sure  falls ;  and  so  large  and  numerous  are  the  vessels  of  the  abdomioa/ 
viscera  that,  when  fully  dilated  in  consequence  of  the  division  of  tlieir 
nerves,  they  contain  a  great  part  of  the  whole  mass  of  blood,  and  as  a  con- 
sequence other  parts  are  drained  of  their  due  proportion.    The  effect  of  soch 
M  coDdition  of  the  abdominal  system  of  blood-vessels  on  other  parts  has^ 
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indeed,  been  compared  to  that  of  a  large  internal  haemorrhage ;  and  the 
symptoms  produced  in  a  liying  animal  by  diriaion  of  the  splandhnics,  prove 
the  justice  of  the  comparison. 

Local  Tonic  Centres. — Although  it  is  evident  that  the  tone 
of  the  arteries  is  influenced  by  the  centres  in  the  cerebro-spinal 
axis,  certain  experiments  point  out  that  this  is  not  the  only  way 
in  which  it  may  be  affected.  Thus  the  dilatation  which  occurs 
•Iter  section  of  the  cervical  sympathetic  in  the  first  experiment 
cited  above,  only  remains  for  a  short  time  and  is  soon  followed— 
although  a  portion  of  the  nerve  may  have  been  removed  entirely 
—by  the  vessels  regaining  their  ordinary  calibre ;  and  local  stimu* 
lation  as  by  the  application  of  heat  or  cold  afterwards  may  cause  both 
dilatation  and  constriction.  From  this  it  is  probable  that  the  effect 
prodnoed  by  the  central  nervous  system  acts  through  a  local  mecha* 
nism  distinct  for  each  vascular  area,  much  in  the  same  way  as  the 
cardio-inkibitoiy  centre  in  the  medulla  acts  upon  the  heart  through 
the  ganglia  contained  within  its  muscular  substance. 

Vaao-oonstrictor  and  Vaso-dilator  Nerves. — It  has  been 
found  that  certain  vaso-motor  nerves  when  divided  and  afterwards 
stimulated,  produce  dilatation  of  the  blood-vessels  of  their  corre- 
sponding vascular  areas,  and  others  under  similar  circumstances 
cause  constriction,  whereas  a  third  variety  at  one  time  produce 
dilatation  and  at  another  constriction.      As  a  good  example  of 
the  former  two  we  may  instance  the  nerves  supplying  the  sub- 
xuaxillary  glaud,  viz.  the  chorda  tympani  and  the  sympathetic. 
When  these  nerves  are  simply  divided,  no  change  takes  place  in  the 
Vessels  of  the  gland ;  but  on  stimulating  the  chorda  tympani 
the  vessels  dilate,  and,  on  the  other  hand,  when  the  sympathetic 
i^  stimulated  the  vessels  contract.     The  nerves  like  the  chorda 
^^nnpani  in  this  case  are  called  vaso-dilators,  and  those  like  the 
Sympathetic  viJMxtmstridors.     The   third  class  of  nerves  which 
Imduce  at  one  time  dilatation,  at  another  time  constriction,  are 
l:)elieved  to  contain  both  kinds  of  vaso-motor  nerve-fibres,  or  to  act 
^  dilators  or  contractors  according  to  the  condition  of  the  local 
Q^pporatus.     It  is  probable  that  these  nerves  act  by  inhibiting  or 
augmenting  the  action  of  the  local  nervous  mechanism  already 
teferred  to,  and  as  they  are  in  connection  with  the  central  nervous 
system,  it  is  through  this  arrangement  that  this  system  is  capable 
of  influencing  or  of  maintaining  the  normal  local  tone. 
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Influence  of  ths  vaso-motor  system  upon  the  Blood-preisure, 

Excluding  the  effect  of  its  indirect  action  upon  the  heart,  the  vaso-motor 
tystem  influences  the  blood-pressure  in  these  ways  : — 

A.  An  increase  of  the  blood-pressure  may  be  produced : — 

(i.)  By  stimulation  of  the  vaso-motor  centre  in  medulla,  either 

a.  Directly^  as  by  carbonated  or  deoxygenated  blood. 

i3.  Indirectly  J  by  impressions  descending  from  the  cerebrum, 
c.g.^  in  sudden  pallor. 

7.  Bcflexly^  by  stimulation  of  sensory  nerves  anywhere^ 
(2.)  By  stimulation  of  the  centres  in  spinal  cord. 

Possibly  directly  or  indirectly,  certainly  reflexly. 
(3.)  By  stimulation  of  the  local  centres  for  each  vascular  area,  by 

the  vaso-constrictor  nerves,  or  directly  by  means  of  altered 

blood. 

B.  A  decrease  of  the  blood-pressure  may  be  produced  : — 

(i).  By  stimulation  of  the  vaso-motor  centre  in  medulla,  either 
(o)  Directly^  as  by  oxygenated  or  aerated  blood. 
(j8)  Indirectly^  by  impressions  descending  from  the  cere- 
brum— e.g.^  in  blushing. 
(7)  licflexlyy  by  stimulation  of  the  depreuor  nerve,  and 
consequent  dilatation  of  vessels  of  splanchnic  area, 
and  possibly  by  stimulation  of  other  sensory  nerves, 
the  sensory  impulse  being  interpreted  as  an  indication 
for  diminished  blood-pressure. 
(2.)  By  stimulation  of  the  centres  in  spinal  cord,  directly,  indi- 
rectly, or  reflexly. 
(3.)  By  stimulation  of  local  centres  for  each  vascular  area  by  the 
vaso-dilator  nerves,  or  directly  by  means  of  altered  blood. 

The  Capillaries. 

In  all  vascular  textures,   except  some  parts  of  the   corpora 
cavemosa  of  the  pouis,  and  of  the  uterine  placenta,  and  of  the 
spleen,  the  transmission  of  the  blood  from  the  minute  branches 
of  the  arteries  to  the  minute  veins  is  effected  through  a  network 
of  microscopic  vessels,  called  capillaries.     These  may  be  seen  in 
all  minutely  injected  preparations  ;  and  during  life,  in  any  trans- 
parent vascular  parts, — such  as  the  web  of  the  frog's  foot,  the  tail 
or  external  branchiae  of  the  tadpole,  or  the  wing  of  the  bat. 
.    The  branches  of  the  minute  arteries  form  repeated  anastomoses 
with  each  other  and  give  off  the  capillaries  which,  by  their  anas- 
tomoses, compose  a  continuous  and  imiform  network,  from  which 
the  venous  radicles,  on  the  other  hand,  take  their  rise  (fig.  117). 
The  point  at  which  the  arteries  teiminate  and  the  minute  veiny 
commence,  cannot  be  exactly  defined,  for  the  transition  is  gradual  ^ 
tet  the  capillary  network  has,  nevertheless,  this  peculiarity,  thai 
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the  small  Teasels  which  compose  it  maintain  the  some  diameter 
throughout ;  they  do  not  diminish  in  diameter  in  one  direction, 
like  arteries  and  veins;  and  the  meshes  of  the  network  that 
they  compose  are  more  uniform  in  shape  tmd  size  than 
those  formed  b;  the  anastomoses  of  the  minute  arteries  and 
Teins. 

Stmotare  of  the  Capillaries. — This   is  much  more  simple 
than  that  of  the  arteries  or  veins.     Their  walls  are  composed  of  a 
single     layer    of    elongated    or    radiate, 
flattened    and   nucleated  cells,  so  joined  pi     j,., 

and  dovetailed  together  aa  to  form  a 
continuous  transparent  membrane  (6g. 
118).  Outside  these  cells,  in  the  larger  ^ 
capillaries,  there  is  a  structureless,  or  /"^ 
very  finely  fibrilJated  membrane,  on  the 
inner  sni&ce  of  which  they  are  laid  down. 
In  some  cases  this  external  membrane 
is  nucleated,  and  may  then  be  regarded  as 
a  miniature  representative  of  the  tunica 
(idreiUitia  of  arteries. 

Here  and  there,  at  the  junction  of  two 
ct  more  of  the  delicate  endothelial  cells 
Khich  compose  the  capillary  wall,  sUmata 
luay  be  seen  resembling  those  in  serous 
Uembranes.  The  endothelial  cells  are 
(Jften  continuous  at  various  points  with 
processes  of  adjacent  connective-tissue 
W*»pascles. 

Capillaries  are  snrroinided  by  a  delicate  nerve-plexus  resembling, 
'^^  miniature,  that  of  the  larger  blood-vessels. 

The  diameter  of  the  capillary  vessels  varies  somewhat  in  the 
"different  textures  of  the  body,  the  most  common  size  being  about 
*T-.'^rath  of  an  inch.  Among  the  smallest  may  be  mentioned  those 
^*^  the  brain,  and  of  the  follicles  of  the  mucous  membrane  of  the 
'^'^testines ;  among  the  latest,  those  of  the  skin,  and  especially 
*^eBe  of  the  medulla  of  bones 


*  Fi|;.  117.  Blnod-veseeU  of  aa  intestinnl  villns,  representing  the  oimige- 
■"eiil  ot  capillaries  betirecn  the  ultimate  venoas  and  nrteriftl  branches  ;  o,  «, 
UinrteriM;  6,  the  ran. 
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Tho  giie  of  capillaries  vurics  also  in  different  aiiiniida  iu  rclntioii 
to  the  size  ot  their  blood-corpuscles :  tbutt,  in  the  Proteiw, 
tho  capillary  circulation  can  just  \>e  discerned  with  the  naked 
eye, 

Thc/orm  of  tho  capillaiy  network  prosenta  considerable  variety 
iu  the  different  textures  of  the  body  :  tho  varieties  consisting 
principally  of  modiScations  of  two  chief  kinds  of  meah,  the  rounded 
and  the  elongated.  That  kind  in  which  the  meshes  or  interapaceit 
have  a  rouudiuh  form  is  the  moat  common,  and  prcvnils  in  thouu 
parts  ill  which  tho  capillary  network  is  most  dense,  such  as  the 
lungs  (fig.  119),  most  glands,  and  mucous  memlmines,  and  the 
cutis.     The  nioshes  of  this  kind  of  network  are  not  quite  circulai', 


but  moro  or  loss  angular,  sometimes  prc^utiug  a  nearly  r^pil^t,' 
quadrangular  or  polygonal  form,  but  l«iug  more  frequently  im"^* 
gular.  The  capillary  network  with  elongated  mcsLes  (fig.  130) 
obsen-ed  in  parts  in  which  the  vessels  are  arranged  among  bundle  -• 
of  fine  tubes  or  fibres,  as  in  muscles  and  ncr\'eB.  In  such  part.^' 
the  meshes  usually  have  the  form  of  a  parallelogram,  the  shac-  *" 
sides  of  which  may  be  from  three  to  eight  or  ten  times  less  th^^ 
the  long  ones  ;  the  long  sides  always  correapondiug  to  the  axis  -^^ 


•  FiR,  JiS.  Capillarj- blood -vessels  from  tlie  »ni 
the  nucleated  endothelial  membnue  of  wLicU  they  a 
SbbU  Smith.) 
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the  fibre  or  tube,  by  which  it  ia  placed.  The  appearance  of  both 
(be  rouaded  and  elongated  meahes  ia  much  varied  according  as  the 
Tesela  oompowng  them  have  a  straight  or  tortuous  forto.  Some- 
times the  capillariea  have  a  looped  arrangement,  a  single  capiUary 
jHXtjectiug  from  the  common  network  into  some  prominent  oi^an, 

PUj.    I20.t 


^nd  rettuning  after  forming  one  or  more  loops,  as  in  the  papillte  of 
tJie  tongue  and  akin. 

The  moHiber  of  the  capillariea  and  the  »ir^  of  tlte  meeJtes  in 
Afferent  parts  determine  in  general  the  degree  of  vascularily  of 
'those  parts.  The  parts  in  which  the  network  of  cnpillarics  \n 
vloeest,  that  is,  in  whiuh  the  meshes  or  interspaces  loe  thesmnileHt, 
«re  the  lungs  and  the  choroid  membrane  of  the  eye.  In  the  iriti 
and  ciliaiy  body,  the  interspaces  are  Somewhat  wider,  yet  voiy 
amalL  In  the  human  liver,  the  interspaces  arc  of  the  stuuc  hitx, 
or  even  smaller  than  the  capillary  vessels  themselven.  In  the 
human  lung  they  arc  smaller  than  the  vessels;  in  the  human 
kidney,  and  in  the  kidney  of  the  dog,  the  diameter  of  the  injected 
capillaries,  compared  with  that  of  the  interspaces,  is  in  the  pn>- 


*  Fig.  119.  ITetwoTkof capilUrjrvesseUof tlisair-celhof thehorae'sliiag, 
BWgni&ed.  a,  a,  capiUariea  procmding  from  b,  b,  tcrniiiinl  branches  of  tho 
pnlmonuy  artery  (Frej). 

t  ilg.  120.  liyacted  cspUlM7  vessels  of  mu^le.  mhu  with  a  low  maifiufy 
iag  power  (Shafpej). 
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portion  of  oue  to  four,  or  of  one  to  three.  The  brain  receives  a 
very  large  quantity  of  blood ;  but  the  capillaries  in  which  the 
blood  is  distributed  through  its  substance  are  very  minute,  and 
less  numerous  than  in  some  other  parts.  Their  diameter,  accord- 
ing to  R  H.  Weber,  compared  with  the  long  diameter  of  the 
meshes,  being  in  the  proportion  of  one  to  eight  or  ten ;  compared 
with  the  transverse  diameter,  in  the  proportion  of  one  to  four  oi 
six.  In  the  mucous  membranes — for  example,  in  the  conjimctiva 
and  in  the  cutis  vera,  the  capillary  vessels  are  much  larger  than 
in  the  brain,  and  the  interspaces  narrower, — ^namely,  not  more 
than  three  or  fom*  times  wider  than  the  vessels.  In  the  perios* 
temn  the  meshes  are  much  lai^r.  In  the  external  coat  oj 
arteries,  the  width  of  the  meshes  is  ten  times  that  of  the  vesself 
(Henle). 

It  may  be  held  as  a  general  rule,  that  the  more  active  the 
functions  of  an  organ  are,  the  more  vascular  it  is.  Hence  the 
narrowness  of  the  interspaces  in .  all  glandular  oi^gans,  in  mucouf 
membranes,  and  in  growing  parts ;  their  much  greater  width  ii 
bones,  ligaments,  and  other  very  tough  and  comparatively  inactive 
tissues ;  and  the  usually  complete  absence  of  vessels  in  cartilage,  anc 
such  parts  as  those  in  which,  probably,  very  little  vital  change  occun 
after  they  are  once  formed.  But  the  general  rule  must  be  modi 
fied  by  the  consideration,  that  some  organs,  such  as  the  brain 
though  they  have  small  and  not  very  closely,  arranged  capillaries 
may  receive  large  supplies  of  blood  by  reason  of  its  more  rapic 
movement.  When  an  organ  has  large  arterial  trunks. and  a  cx)m 
paratively  small  supply  of  capillaries,  the  movement  of  the  blooc 
through  it  will  be  so  quick,  that  it  may,  in  a  given  time,  receive 
as  much  fresh  blood  as  a  more  vascular  part  with  smaller  trunks 
though  at  any  given  instant  the  less  vascular  part  will  have  in  i 
a  smaller  quantity  of  blood. 

Circulation  in  the  Capillaries. — ^When  seen  in  any  trans 
parent  part  of  a  living  adult  animal  by  means  of  the  microscope 
(fig.  1 2 1 ),  the  blood  flows  with  a  constant  equable  motion ;  th< 
red  blood-corpuscles  moving  along,  mostly  in  single  file,  and  bend 
ing  in  various  ways  to  accommodate  themselves  to  the  tortuoui 
course  of  the  capillary,  but  instantly  recovering  their  norma 
outline  on  reaching  a  wider  vessel. 

It  is  in  the  capillaries,  that  the  chief  resistance  is  offered  to  thi 
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progress  of  the  blood  ;  for  m  them  the  friction  of  the  blood  ia 
greatly  increased  by  the  cnonnoiis  multiplication  of  the  surface 
vith  which  it  is  brought  in  contact. 

At  the  circumference  of  the  stream,  in  contact  with  the  volte  of 
the  vessel,  and  adberiug  to  them, 

there  is  a  layer  of  liquor  tan^inis  p-     ^^^  . 

Khich  appears  to  be  motionless.  The 
existence  of  this  *tUl  layer,  as  it  is 
termed,   ia  inferred   both  from  the 
general  fact  that  such  an  one  exists 
in  all  fine  tubea  traversed  by  fluid, 
and  &om  what  can  be  seen  in  watch- 
ing the  movements  of  the  blood-cor- 
puscles.    The  red  corpuscles  occupy 
t\te  middle  of  the  stream  and  move 
"w^ith     comparative     rapidity ;     the 
*^«>lourle88     lymph  -  corpuscles     run 

tiuch  more  slowly  by  the  walla  of  the  vessel ;  while  next  to  the  wall 
*l»ere  is  often  a  transparent  apace  in  which  the  fluid  appears  to  be  at 
•"^3t;  for  if  any  of  the  corpuscles  happen  to  be  forced  within  it,  they 
***.«ve  more  slowly  than  before,  rolling  lazily  along  tho  side  of  the 
"^"essel,  and  often  adhering  to  its  wall.  Part  of  this  slow  movement 
^-*f  the  pale  corpuscles  and  their  occasional  stoppage  may  be  due,  as 
■^.  H,  Weber  has  suggested,  to  their  having  a  natural  tendency  to 
**-"ihere  to  the  vails  of  the  vessels.  Sometimes,  indeed,  when  the 
■"^lotion  of  the  blood  ia  not  strong,  many  of  the  white  corpuscles 
*^<illect  in  a  capillary  vessel,  and  for  a  time  entirely  prevent  the 
l*aaaage  of  the  red  corpuscles. 

Intermittent  flow  in  the  Capillaries. — Wlicn  the  peripheral 

*"esistance  ia  greatly  diminished  by  the  dilatation  of  tho  small 

*^rterie8  and  capillaries,  ao  much  blood  paases  on  from  tho  arteries 

*i»to  the  capillaries  at  each  stroke  of  tho  heart,  that  there  ia  not 

Sufficient  remaning  in  the  arteries  to  distend  them.     Thus,  tho 

^Otetmittency  of  the  ventricular  systole  is  not  converted  into  an 

'Suable  force  by  the  elasticity  of  the  arteries  before  the  capillarioa 

'ft  reached ;  and  ao  intermittency  of  the  flow  occurs  tu  capillaries 


*^  Fij(  121.     Capilltries  (C)  in  the  vreb  of  the  Trog'a  Toot  conoertinga  small 
*tnT  (A)  with  s  mall  vein  V  [after  Allen  Thauiaou}. 
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and  veins.  The  same  ])henomcnon  may  occur  when  the  arteries 
become  rigid  and,  tlierefore,  lose  their  elasticity  more  or  less  from 
di»case,  or  when  the  beat  of  the  heart  is  so  slow  that  the  blood  at 
each  cardiac  systole  has  time  to  pass  on  to  the  capillaries  before 
the  next  stroke  occurs,  or  so  feeble  that  the  amount  of  blood  sent  at 
each  stroke  is  insufficient  to  properly  distend  the  elastic  arteries. 

Diapedesis  of  Blood-CorpuBoles. — Until  within  the  last  few 
years  it  has  been  generally  supposed  that  the  occiurence  of  any 

transudation  from  the  interior  of  the  capillaries 
into  the  midst  of  the  surrounding  tissues  was 
confined,  in  the  absence  of  injury,  strictly  to 
the  fluid  part  of  the  blood ;  in  other  words,  tliat 
the  corpuscles  could  not  escape  from  the  circu- 
lating stream,  unless  the  wall  of  the  containing 
blood-vessel  were  ruptured.  It  is  true  that  an 
English  physiologist,  Dr.  Augustus  Waller,  af- 
firmed in  1846,  that  he  had  seen  blood-cor- 
puscles, both  red  and  white,  pass  bodily  through 
the  wall  of  th3  capillary  vessel  in  which  tliey 
were  contained  (thus  confirming  what  had  been 
stated  a  short  time  previously  by  Dr.  Addison)  ; 
and  that,  as  no  opening  could  be  seen  before 
their  escape,  so  none  could  be  observed  after- 
wards—so  rapidly  was  the  part  healed.  But 
these  obser\'ations  did  not  attract  much  notice 
until  the  phenomena  of  escape  of  the  blood- 
corpuscles  from  the  capillaries  and  minute  veins,  apart  from 
mechanical  injur}-,  were  re-discovered  by  Professor  Cohnheim  in 
1867. 

Professor  Colinheim's  experiment  demonstrating  the  passage  of  the  cor- 
puscles through  the  wall  of  the  blood-vessel,  is  performed  in  the  foUowini^ 
manner.  A  frog  is  urarized,  that  is  to  say,  paralysis  is  produced  by  inject- 
ing under  the  skin  a  minute  quantity  of  the  poison  called  ururi;  and  the 
abdomen  having  been  openc<l,  a  portion  of  small  intestine  is  drawn  out,  and 
its  transparent  mesentery  spread  out  mider  a  microscope.  After  a  variable 
time,  occupied  by  dilatation,  following  contraction  of  the  minute  vessels 
and  accompanying  cfaickening  of  the  blood-stream,  there  ensues  a  retaida- 


♦  Fig.  122.  A  large  capillary  from  the  frog's  mesentery  eight  hours  alter 
irritation  had  been  set  up,  showing  emigration  of  leucocytes,  a,  cells  in 'the 
act  of  traversing  the  capillary  wall ;  b,  some  already  escaped  (Frey). 
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lion  of  the  CTurent :  and  blood-corpuscles,  both  red  and  white,  begin  to 
make  their  way  through  the  capillaries  and  small  veins. 

The  diaped€$is  of  the  white  coi'puscles  is  thus  described  by  Dr. 
Burdon-Sanderson  : — 

"  Simultaneously  with  the  retardation,  the  leucocytes,  instead 
of  loitering  here  and  there  at  the  edge  of  the  axial  current,  begin 
to  crowd  in  numbers  against  the  vascular  wall,  as  was  long  ago 
described  by  Dr.  Williams.  In  this  way  the  vein  becomes  lined 
with  a  continuous  pavement  of  these  bodies,  which  remain  almost 
motionless,  notwithstanding  that  the  axial  current  sweeps  by  them 
as  continuously  as  before,  though  with  abated  velocity.  Now  is 
the  moment  at  which  the  eye  must  be  fixed  on  the  outer  contour 
of  the  vessel,  from  which  (to  quote  Professor  Cohnheim's  words) 
here  and  there  minute,  colourless,  button-shaped  elevations  spring, 
just  as  if  they  were  produced  by  budding  out  of  the  wall  of  the 
vessel  itself.  The  buds  increase  gradually  and  slowly  in  size,  imtil 
each  assumes  the  form  of  a  hemispherical  projection,  of  width  cor- 
responding to  that  of  the  leucocyte.  Eventually  the  hemisphere  is 
converted  into  a  pear-shaped  body,  the  small  end  of  which  is  still 
attached  to  the  siuface  of  the  vein,  while  the  round  part  projects 
fireely.  Gradually  the  little  mass  of  protoplasm  removes  itself 
further  and  further  away,  and,  as  it  does  so,  begins  to  shoot  out 
delicate  prongs  of  transparent  protoplasm  from  its  surface,  in 
nowise  differing  in  their  aspect  from  the  slender  thread  by  which 
it  is  still  moored  to  the  vessel.  Finally  the  thread  is  severed  and 
the  process  is  complete." 

The  process  of  diapedesis  of  the  red  corpuscles,  which  occurs 
under  circiunstances  of  impeded  venous  circulation,  and  conse- 
quently increased  blood-pressiu-e,  resembles  closely  that  of  tho 
leucocytes,  with  the  exception  that  they  are  squeezed  through  the 
wall  of  the  vessel  and  do  not,  like  the  colourless  corpuscles,  work 
their  way  through  by  amaeboid  movement. 

Various  explanations  of  these  remarkable  phenomena  have 
been  suggested.  Dr.  Norris  happily  compares  the  phenomenon 
to  the  passage  of  a  solid  through  a  soap-bubble  film,  which  closes 
up  afterwards  unbroken ;  while  others  believe  that  minute  open- 
ings or  MtoTnata  between  contiguous  endothelial  cells  (p.  185), 
proride  the  means  of  escape  for  the  blood  corpuscles.  But  the 
chief  share  in  the  process  is  to  be  found  probably  in  the  vital 
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endowments  with  respect  to  mobility  and  contraction  of  the  pa 
concerned — both  of  the  corpuscles  (Bastian)  and  the  capillary  ^ 
(Strieker).  Dr.  Biirdon-Sanderson  remarks,  "  the  capillary  is  i 
a  dead  conduit,  but  a  tube  of  living  protoplasm.  Tliere  is 
diflSculty  in  understanding  how  the  membrane  may  open  to  all 
the  escape  of  leucocytes,  and  close  again  after  they  have  past 
out ;  for  it  is  one  of  the  most  striking  peculiarities  of  contract 
substance  that  when  two  parts  of  the  same  mass  are  separat 
and  again  brought  into  contact,  they  melt  together  as  if  they  h 
not  been  severed.'* 

Hitherto,  the  escape  of  the  corpuscles  from  the  interior  of  t 
blood-vessels  into  the  surrounding  tissues  has  been  studied  chie 
in  connection  with  pathology.     But  it  is  impossible  to  say, 
present,   to  what  degree  the   discovery  may  not  influence 
present  notions  regarding  the  nutrition  of  the  tissues,  even 
health. 

The  circulation  through  the  capillaries  must,  ot  necessity, 
largely  influenced  by  that  which  occurs  in  the  vessels  on  eitl 
side  of  them — in  the  arteries  or  the  veins ;  their  intermedin 
position  causing  them  to  feel  at  once,  so  to  speak,  any  alterati 
in  the  size  or  rate  of  the  arterial  or  venous  blood-stream.  Thi 
the  apparent  contraction  of  the  capillaries,  on  the  application 
certain  irritating  substances,  and  during  fear,  and  their  dilatati 
in  blushing,  may  be  referred  to  the  action  of  the  small  arteri 
rather  than  to  that  of  the  capillaries  themselves.  But  largely 
the  capillaries  are  influenced  by  these,  and  by  the .  conditions 
the  parts  which  surround  and  support  them,  their  own  endo 
ments  must  not  be  disregarded.  They  must  be  looked  up< 
not  as  mere  passive  channels  for  the  passage  of  blood,  but 
possessing  endowments  of  their  own,  in  .relation  to  the  circui 
tion.  The  capillary  wall  is,  according  to  Strieker,  actively  livi 
and  contractile ;  and  there  is  no  reason  to  doubt  that,  as  suck, 
must  have  an  important  influence  in  connection  with  the  bio- 
current. 

Vital  Capillary  Force. — The  results  of  morbid  action,  as  "^ 
as  the  phenomena  of  health,  strongly  support  the  notion  of  t 
existence  of  a  force  in  the  capillaries,  which  aids  the  circulation 
the  blood,  after  the  same  manner  that  nutritive  fluids  circulate  i 
plants  and  lowly  organised  animals,  which  have  no  central  pit 
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polling  organ  comparable  to  a  heart  But  this  so-called  vital 
eapiUary  force  occupies,  in  the  higher  animals,  an  entirely  sub- 
<ntUnate  position.  What  this  capillary  force  is,  remains  un- 
explained ;  but  at  any  rate,  we  may  conclude  that  it  is  a  certain 
relation  which  the  capillaries  and  the  blood  bear  to  the  surround- 
ing tissues,  whereby  a  normal  circulation  is  maintained,  but  which 
is  disturbed  in  inflammation  and  in  other  diseased  conditions,  and 
as  a  consequence,  the  blood  circulates  very  slowly  in  parts  wh^:^ 
this  disturbance  has  taken  place. 

T)ie  Veins. 

Stmotore. — In  structure  the  coats  of  veins  bear  a  general  re- 
semblance to  those  of  arteries  (fig.  123).  Thus,  they  possess  an  outer ^ 
ndddUy  and  internal  coat     The  outer  coat  is  constructed  of  areolar 
'tissue  like  that  of  the  arteries,  but  is  thicker.     In  some  veins  it 
oontains  muscular  fibre-cells,  which  are  arranged  longitudinaUy. 

The  middle  coat  is  considerably  thinner  than  that  of  the 
arteries;  and,  although  it  contains  circular  unstriped  muscular 
fibres  or  fibre-cells,  these  are  mingled  with  a  larger  proportion  of 
yellow  elastic  and  white  fibrous  tissue.  In  the  large  veins,  near  the 
beart,  namely  the  vence  cavas  aad  pulmonary  veins,  the  middle  coat 
i«  replaced,  for  some  distance  from  the  heart,  by  circularly  arranged 
<s:triped  muscular  fibres,  continuous  with  those  of  the  auricles. 
The  internal  coat  of  veins  is  less  brittle  than  the  corresponding 
of  an  arteiy,  but  in  other  respects  resembles  it  closely. 
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ValveB  of  Veins. — The  chief  influence  which  the  veins  have 
the  circulation,  is  effected  with  the  help  of  the  valves,  which 
placed  in  all  veins  subject  to  local  pressure  from  the  muscles 
^^>ctween  or  near  which  they  run.     The  general  construction  of 
valves    is    similar   to  that    of   the    semilunar  valves  of 
aorta  and  pulmonary  artery,   already  described;  but  their 
margins  are  turned   in  the   opposite  direction,  t.e.    towards 
^lae  heart,   so   as  to  stop   any   movement  of   blood   backward 
**^  the  veins.     They  are  commonly  placed  in  pairs,   at   various 
^^stances    in    different    veins,    but    almost    imiformly    in    each 
\%  124).     In  the  smaller  veins,  single  valves  are  often  met  with ; 
^  three  or  four  are  sometimes  placed  together,  or  near  one 
^otlier,  in  the  largest  veins,  such  as  the  subclavian,  and  at  their 
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jtmotion  with  the  jugular  veins.  The  Talves  are  semilunar  ;  the 
unattached  edge  heing  in  some  eiunplea  ooncave,  in  others  straight. 
They  are  composed  of  ineztensilo  fibrous  tissue,  aud  are  oorered 
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with  epithelium  like  that  lining  the  veins.  Durmg  the  period  of 
their  inaction,  when  the  venous  blood  is  Sowing  in  its  proper 
direction,  they  lie  by  the  sides  of  the  veins  ;  but  when  in  action, 
they  close  together  like  tho  valves  of  the  arteries,  and  o£fiar  a 
complete  barrier  to  any  backward  movement  of  the  blood  (figs.  13$ 

•  Fig.  123.  TniDsycrse  wction  through  a  smiill  ortety  and  vein  of  Qw 
DiDCoun  merabtane  0!  a  child's  epiglottit ;  the  contrast  betiTeen  the  thick- 
lulled  artery  and  the  thin-walled  vein  is  well  shown.  A.  Artaty,  the  lettar 
ia  placed  in  the  liinien  of  the  vusel.  c.  Endothelial  cells  with  nuclei  cinriy 
visible  :  these  calls  appear  very  thick  from  the  contracted  state  of  the  venel. 
Outside  it  a  double  vnvy  lino  marks  the  elastic  tunica  tntiiaa.  m.  Tnnica 
media  forming  the  chief  part  of  arterial  wall  and  consisting  of  nuttriped  mns- 
culnr  fibres  circularly  arranged  ;  their  nuclei  are  well  seen.  a.  Part  of  ttu 
tunica  adventitia  showing  bundles  of  eonnective-liusiie  fibr«s  in  section,  with 
the  circular  nuclei  of  the  connective-tissue  corpiucles.  ^Hiii  coat  gradually 
merges  into  the  surrounding  connective-tissue.  V.  In  the  lumen  of  the  vnin. 
The  other  letters  indicate  the  same  as  in  the  arter}-.  The  muscnlai  coat  of 
the  vein  (in)  is  seen  to  be  much  thinner  than  that  of  the  uteiy.  k  3Sa 
(Klein  and  Noble  South.) 


TALVES  OF   VEmS. 


ftnd  126).  Their  aituation  in  the  superficial  veins  of  the  fore-arm 
18  readily  discorered  by  pressing  along  ita  Biuface,  in  a  direction  op- 
posite to  the  venous  current,  t.  e.,  from  the  elbow  towards  the  wrist ; 


Fig.  124.* 


when  little  swellings  (fig.  134  c) 
appear  in  the  position  of  each 
pair  of  Tolvcs.  These  swellings 
tit  once  disappear  when  the  pres- 
sure is  relaxed. 

Valves  are  not  equally  nume- 
rona  in  all  veins,  and  in  many 
they  ore  absent  alt^^ther.  They 
are  most  numerous  in  the  .veins 
of  the  extremities,  and  more  so 
ID  those  of  the  leg  than  the  arm. 
They  are  commonly  absent  in 
veins  of  less  than  a  line  in  diameter,  and,  as  a  general  rule,  there 
are  few  or  none  in  those  which  are  not  subject  to  muscular  pres- 
sure; Among  those  veins  which  have  no  valves  may  be  mentioned 
the  superior  and  inferior  vena  cava,  the  trunk  and  branohes  of  the 
portal  vein,  the  hepatio  and  renal  veins,  and  the  pulmonary  veins ; 
those  in  the  interior  of  the  cranium  and  vertebral  column,  those  of 
die  bones,  and  the  bunk  and  branches  of  the  umbilical  vein  are 
■Ito  destitute  of  valves. 

KiuoDlar  Fressiire  on  Veins. — Very  effectual  assistance  to 
the  flow  of  blood  in  the  veins  is  afforded  by  the  action  of  the 
muscles  capable  of  pressing  on  such  veins  as  have  valves. 

The  effect  of  muscular  pressure  on  such  veins  may  be  thus 
explained.  When  pressure  is  applied  to  any  part  of  a  vein,  and 
the  current  of  blood  in  it  is  obstructed,  the  portion  behind  the 
Hat  of  preoBure  becomes  swollen  and  distended  as  &r  back  as  to 
t^  next  pair  of  valves.  These,  acting  like  the  semilunar  valves  of 
the  heart,  and  being,  like  them,  inextcnsible  both  in  themselves  and 
•t  their  margins  of  attachment,  do  not  follow  the  vein  in  its  dis- 
'*°^,  but  are  drawn  out  towards  the  axis  of  the  canal.  Then,  if 
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tio,  ihow^  tlis  ippontioi 
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pain  of  valves.  B.  Longitudinal  section  of  a 
of  the  edges  of  the  valvee  in  their  closed  state. 
D,  exhibitiog  a  swelling  in  the  situatiou  of  a  pair 
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the  pressure  continues  on  the  vein,  the  compressed  blood,  tending 
to  move  equally  in  all  directions,  presses  the  valves  down  into 
contact  at  their  free  edges,  and  they  close  the  vein  and  prevent 
regurgitation  of  the  blood.  Thus,  whatever  force  is  ezerciaed  by 
the  pressure  of  the  muscles  on  the  reins,  is  distributed  parti;  in 
pressing  the  blood  onwards  in  the  proper  course  of  the  tnrcula- 
tion,  and  partly  in  pressing  it  backwards  and  closing  the  valves 
behind. 
The   circulation    might    lose  as  much  as  it  gains   by  sud 


Fig.  13%.  • 


Fig.  I26.f 
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compression  of  tlie  veins,  if  it  were  not  for  the  l 
mosea  by  which  they  communicate,  one  with  another ;  for  through 
these,  the  closing  up  of  the  venoua  channel  by  the  baokwai^  * 
pressure  is  prevented  from  being  any  serious  hindrance  to  the 
circulation,  since  the  blood,  of  which  the  onward  course  is 
arrested  by  the  closed  valves,  can  at  once  pass  through  some 
anastomosing  channel,  and  proceed  on  its  way  by  another  vein 
(figs.  125  and  126).  Thus,  therefore,  the  effect  of  muscular  pres- 
sure upon  veins  which  have  valves,  is  turned  almost  entirely  to 


•  Fig.  125.    Tein  with  valves  open  (Dallon). 
+  Fig.  116.     Vein  with  valves  clo«ed ;  streun  of  Wood  ptssing  ol 
thanael  (Dal  ton). 
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the  advantage  of  the  circulation;  the  pressure  of  the  blood 
onwards  is  all  advantageous,  and  the  pressure  of  the  blood  back- 
wards is  prevented  from  being  a  hindrance  by  the  closure  of  the 
Talves  and  the  anastomoses  of  the  veins. 

The  effects  of  such  muscular  pressure  are  well  shown  by  the 
acceleration  of  the  stream  o^  blood  when,  in  venesection,  the 
muscles  of  the  fore-arm  are  put  in  action,  and  by  the  general 
acceleration  of  the  circulation  during  active  exercise  :  and  the 
numerous  movements  which  are  continually  taking  place  in  the 
body  while  awake,  though  their  single  effects  may  be  less  striking, 
must  be  an  important  auxiliary  to  the  venous  circulation.  Yet 
tlM^  are  not  essential ;  for  the  venous  circulation  continues  un- 
Inpaind  in  parts  at  rest,  in  paralysed  limbs,  and  in  parts  in 
vUb  the  veins  are  not  subject  to  any  muscular  pressure. 

^niiji=h*"'*i»^''  Contraction  of  Veins. — Besides  the  assistance 
Am  aflatded  by  muscular  pressure  to  the  movement  of  blood 
lUtmihib  veins  possessed  of  valves,  it  has  been  discovered  by 


Jones  tbat^  in  the  web  of  the  bat's  wing,  the  veins 
with  valves,  and  possess  the  remarkable  property  of 
ccmtraction  and  dilatation,  whereby  the  current  of 
'Vilfain  them  is  distinctly  accelerated.  The  contraction 
on  an  average,  about  ten  times  in  a  minute ;  the  exist- 
ef  valves  preventing  regui^tation,  the  entire  effect  of  the 
was  auxiliary  to  the  onward  current  of  blood. 
Analogous  phenomena  have  been  now  frequently  observed  in 
other  animals. 

Blood-preasnre  in  the  Veins. — In  experiments  to  determine 
nhat  proportion  of  the  force  of  the  left  ventricle  remains  to  propel 
the  blood  in  the  veins,  Valentin  found  that  the  pressure  of  the 
blood  in  the  jugular  vein  of  a  dog,  as  estimated  by  the  hsemadyna- 
mometer,  did  not  amount  to  more  than  iV  ^^  iV  ^^  ^^^^  ^^  ^^® 
carotid  artery  of  the  same  animaL     In  the  upper  part  of  the  in- 
ferior vena  cava,  Valentin  could  scarcely  detect  the  existence  of 
*Dy  pressure ;  nearly  the  whole  force  received  from  the  heart 
leaving  been,   apparently,   consumed  during  the  passage  of  the 
1>W  through  the  capillaries.     But  slight  as  this  remaining  force 
^ight  be  (and  the  experiment  in  which  it  was  estimated  would 
'^uoe  the  force  of  the  heart  below  its  natural  standard),  it  would 
be  enough  to  complete  the  circulation  of  the  blood ;  for,  as  already 
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stated,  the  spontaneous  dilatation  of  the  auricles  and  yentricles, 
though  it  may  not  be  forcible  enough  to  assist,  to  more  than  a 
small  degree,  the  movement  of  blood  into  them,  is  adapted  to  offez 
to  that  movement  no  obstacle. 

The  formidable  obstacle  supposed  to  be  presented  by  the  grayitataon  of  the 
blood,  has  no  real  existence,  since  the  piftssure  exercised  by  the  column  of 
blood  in  the  arteries,  will  be  always  sufficient  to  support  a  column  of  vcnons 
blood  of  the  same  height  as  itself  :  the  two  columns  mutually  balancing  each 
other.  Indeed,  so  long  as  both  arteries  and  veins  contain  continuous 
columns  of  blood,  the  force  of  gravitation,  whatever  be  the  position  of  the 
body,  can  have  no  power  to  move  or  resist  the  motion  of  any  part  of  the 
blood  in  any  direction.  The  lowest  blood-vessels  have,  of  course,  to  bear  the 
greatest  amount  of  pressure  ;  the  pressure  on  each  part  being  directly  pro- 
portionate to  the  lieight  of  the  column  of  blood  above  it :  hence  t^eir 
liability  to  distension.  But  this  pressure  bears  equally  on  both  arteries  and 
veins,  and  cannot  either  move,  or  resist  the  motion  of,  the  fluid  they  contain, 
so  long  as  the  columns  of  fluid  are  of  equal  height  in  both,  and  continaous. 

Agents  concerned  in  the  Circulation  of  the  Blood. 

The  agents  concerned  in  the  circulation  of  the  blood  which  have 
been  now  described,  may  be  thus  enumerated  : — 

1.  The  contraction  of  the  Heart  This  is  by  far  the  most 
important  force  concerned  in  the  circulation  of  the  blood. 

2.  The  action  of  the  Arteries. 

3.  The  vital  capillary  force  exercised  in  the  Capillaries. 

4.  The  possible  slight  action  of  the  muscular  coat  of  Veins; 
and,  much  more,  the  contraction  of  muscles  capable  of  acting  on 
Veins  provided  with  valves. 

It  remains  only  to  consider  (5)  the  influence  of  the  Respiratory 
movements  on  the  circulation. 

Influence  of  Respiration. — Although  the  continuance  of  the 
respiratory  movements  is  essential  to  the  circulation  of  the  blood, 
and  although  their  cessation  is  followed,  within  a  very  few  minutes, 
by  that  of  the  heart's  action  also,  yet  their  direct  mechanical  in- 
fluence on  the  movement  of  the  current  of  the  blood  is  probably, 
under  ordinary  circumstances,  but  slight.  The  effect  of  expiration 
in  increasing  the  pressure  of  the  blood  in  the  arteries  is  minutely 
illustrated  by  the  experiments  of  Ludwig.  It  acts  as  the  pressure 
of  contracting  muscles  does  upon  the  veins,  and  is  advantageous 
to  the  onward  movement  of  arterial  blood,  inasmuch  as  all  move- 
ment backwards  into  the  heart,  which  would  otherwise  occur  at  the 
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same  moment  and  from  the  same  cause,  is  prevented  by  the  force 
of  the  onward  stream  of  blood  from  the  contracting  ventricle,  and 
in  the  intervals  of  this  contraction  by  the  closiu-e  of  the  semilunar 
valves.  Under  ordinary  circumstances,  and  with  a  free  passage 
through  the  capillaries  of  the  lungs,  the  effect  of  expiration  on 
the  stream  of  blood  in  the  veins  is  also  probably  to  assist,  rather 
than  retard  its  movement  in  the  proper  direction.  For,  with  no 
obstruction  in  front,  there  is  the  force  of  the  blood  streaming 
into  the  heart  from  behind,  to  prevent  any  tendency  to  a  backward 
flow,  even  apart  from  what  may  be  effected  by  the  presence  of  the 
valves  of  the  venous  system. 

It  is  true  that  in  violent  expiratory  efforts  there  is  a  certain 
retardation  of  the  circulation  in  the  veins.  The  effect  of  such 
retardation  is  shown  in  the  swelling-up  of  the  veins  of  the  head 
and  neck,  and  the  lividity  of  the  face,  during  coughing,  straining, 
and  simOar  violent  expiratory  efforts ;  the  effect  shown  in  these 
instances  being  due  both  to  some  actual  regurgitation  of  the  blood 
in  the  great  veins,  and  to  the  accumulation  of  blood  in  all  the 
veinSy  frt)m  their  being  constantly  more  and  more  filled  by  the 
influx  from  the  arteries. 

But  strong  expiratory  efforts,  as  in  straining  and  the  like,  are 
not  fairly  comparable  to  ordinary  expiration,  inasmuch  as  they 
are  instances  of  more  or  less  interference  with  expiration,  and 
involve  circumstances  leading  to  obstruction  of  the  circulation  in 
the  pulmonary  capillaries,  such  as  are  not  present  in  the  ordinary 
thythmical  exit  of  air  from  the  lungs. 

The  act  of  inspiration  is  favourable  to  the  venous  circulation, 
and  its  effect  is  not  counterbalanced  by  its  tendency  to  draw  the 
arterial,  as  well  as  the  venous,  blood  towards  the  cavity  of  the  chest. 
^Vhen  the  chest  is  enlarged  in  inspiration,  the  additional  space 
^thin  it  is  filled  chiefly  by  the  fresh  quantity  of  air  which  passes 
through  the  trachea  and  bronchial  passages  to  the  vesicular 
*^cture  of  the  lungs.  But  the  blood  being,  like  the  air,  subject 
^  tlie  atmospheric  pressure,  some  of  it  also  is  at  the  same  time 
P'^^^Bed  towards  the  expanding  cavity  of  the  chest,  and  therein 
^^^^^rds  the  heart  The  effect  of  this  on  the  arterial  current  is 
"''^feed  by  the  aortic  valves,  while  they  are  closed,  and  by  the 
rotible  oatward  stream  of  blood  from  the  ventricles  when  they 
^  open  ;  while*  on  the  other  hand,  there  is  nothing  to  prevent 
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an  increased  afflux  of  blood  to  the  auricles  through  the  Lu^e 
veins. 

Sir  Darid  Barry  was  the  first  who  showed  plainlj  the  effect  of  inspiration 
on  the  venous  circulation  ;  and  he  mentions  the  following  experiment  in 
proof  of  it.  He  introduced  one  end  of  a  bent  glass  tube  in  the  jugular  vein 
of  an  animal,  the  vein  being  tied  above  the  point  where  the  tube  was  in- 
8crte<l ;  the  inferior  end  of  the  tube  was  immersed  in  some  coloured  fluid. 
He  then  observed  that  at  the  time  of  each  inspiration  the  fluid  ascended  in 
the  tube,  while  during  expiration  it  either  remained  stationary,  or  even  sank. 
Poiseuillc  confirmed  the  truth  of  this  observation,  in  a  more  accurate  manner, 
by  means  of  his  hflcma'dynamomcter.  And  a  like  confirmation  has  been  since 
furnished  by  Valentin,  and  in  minute  details  by  Ludwig. 

The  effect  of  inspiration  on  the  veins  is  observable  only  in  the  large  ones 
near  the  thorax.  Poiseuillc  could  not  detect  it  by  means  of  his  instrument 
in  veins  more  distant  from  the  heart, — for  example,  in  the  veins  of  the  extre- 
mities. And  its  beneficial  effect  would  be  neutralized  were  it  not  for  the 
valves  ;  for  he  found  that,  when  he  repeated  Sir  D.  Barry^s  experiments,  and 
passed  the  tube  so  far  along  the  veins  that  it  went  beyond  the  valves  nearest 
to  the  heart,  as  much  fluid  was  forced  back  into  the  tube  in  every  expiratioa 
as  was  drawn  in  through  it  in  every  inspiration. 

Experiments  of  Dr.  Burden- Sanderson  have  proved  more  directly  that 
inspiration  is  favourable  to  the  circulation,  inasmuch  as,  during  it,  the 
tension  of  the  arterial  system  is  increased.  And  it  is  only  when  the  respi- 
ratory orifice  is  closed,  as  by  plugging  the  trachea,  that  inspiratory  efforts 
are  sufficient  to  produce  an  opposite  effect — to  dimlnUh  the  tension  in  the 
arteries. 

On  the  whole,  therefore,  the  respiratory  movements  of  the  chest 
are  advantageous  to  the  circulation. 

Velocity  of  the  Ciroulation. — The  velocity  of  the  blood- 
current  at  any  given  point  in  the  various  divisions  of  the  circulatory 
system  is  inversely  proportional  to  their  sectional  area  at  that  point. 
If,  as  Professor  Miiller  says,  the  sectional  area  of  all  the  branches 
of  a  vessel  united  were  always  the  same  {is  that  of  the  vessel  fix>m 
which  they  arise,  and  if  the  aggregate  sectional  area  of  the  capillary 
vessels  were  equal  to  that  of  the  aorta,  the  mean  rapidity  of  the 
blood's  motion  in  the  capillaries  would  be  the  same  as  in  the 
aorta  and  largest  arteries ;  and  if  a  similar  correspondence  of 
capacity  existed  in  the  veins  and  arteries,  there  would  be  an 
equal  correspondence  in  the  rapidity  of  the  circulation  in  them. 
But  the  arterial  and  venous  systems  may  be  represented  by  two 
truncated  cones  with  their  apices  directed  upwards,  i.  e,  towaids 
the  heart ;  the  area  of  their  united  bases  (the  sectional  area  of 
the  capillaries)  being  400 — 500  times  as  great  as  that  of  the 
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truncated  apex  representing  the  aorta.     Thus  the  velocity  of 
blood  in  the  capillaries  is  about  ^^  of  that  in  the  aorta. 

Velocity  of  the  Blood  in  the  Arteries. — The  velocity  of  the 
stream  of  blood  is  greater  in  the  arteries  than  in  any  other  part 
of  the  circulatory  system,  and  in  them  it  is  greatest  in  the  neigh- 
bourhood of  the  heart,  and  during  the  ventricular  systole ;  the  rate 
of  movement  diminishing  during  the  diastole  of  the  ventricles, 
mod  in  the  parts  of  the  arterial  system  most  distant  from  the 
heart  Chauveau  has  estimated  the  rapidity  of  the  blood-stream 
in  the  carotid  of  the  horse  at  about  20  inches  per  second  during 
the  heart's  systole,  and  nearly  9  inches  during  tbe  diastole. 

YariooB  instruments  have  been  devised  for  measuring  the  velocitj  of  the 
Uood-stream  in  the  arteries. 

Ladwig*s  "  Stromuhr  *'  (fig.  127)  t^onsists  of  an  U-shaped  tube  dilated  at  B 
and  C,  and  whose  extremities,  b  and  c,  of  known  calibre,  and  corresponding  as 
nearij  as  possible  to  the  size  of  the  blood-vessel  experimented  on,  are  in- 
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^^'ted  into  an  artery.  At  the  commencement  of  the  experiment,  c  being 
^ixected  towaids  the  heart,  C  is  filled  with  olive-oil,  and  B  with  defibrinated 
^**i  The  capacity  of  C  being  known,  the  quantity  of  blood  which  passes 
^^^'^h  the  artery  in  a  given  time  may  be  estimated  from  the  period 


*  Kg.  127.    Diagram  of  Ludwig*s  **  Stromuhr." 

"^  Fig.  128.  Dii^ram  of  Chauveau*s  intrument.  a.  Brass  tube  for  intro- 
^tioD  into  the  lomen  of  the  artery,  and  containing  an  index-needle,  which 
FMiet  through  the  elastic  membrane  in  its  side,  and  moves  by  the  impulse 
^  the  blood  current,  c.  Graduated  scale,  for  measuring  the  extent  of  the 
<*caiitioot  of  the  needle. 
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occupied  ia  displacing  the  contents  of  C  into  B.  The  tabc  C  having  now 
become  fiiU  of  blood,  and  B  full  of  oil,  the  two  tubes  are,  by  means  of  a 
mechanical  arrangement  at  D,  twisted  round  so  as  to  change  places  with 
reference  to  b  and  c,  and  the  experiment  may  be  repeated- 

Chauveau*6  instrument  (fig.  128)  consists  of  a  tldn  brass  tube,  a,  in  one 
side  of  which  is  a  small  perforation  closed  by  thin  yulcanized  indiambber. 
Passing  through  the  rubber  is  a  fine  lever,  one  end  of  which,  ^ghtly  flat- 
tened, extends  into  the  lumen  of  the  tube,  while  the  other  moves  over  the 
face  of  a  dial.  The  tube  is  inserted  into  the  interior  of  an  artery,  and 
ligatures  a])plied  to  fix  it,  so  that  the  movement  of  the  blood  may,  in  flow- 
ing through  the  tulxi,  be  indicated  by  the  movement  of  the  outer  extremity 
of  the  lever  on  the  face  of  the  dial. 

The  Haeniatochometer  of  Vieronlt,  and  the  instrument  of  M.  Lortct,  re- 
semble in  principle  that  of  M.  Chauveau. 

Velocity  of  the  Blood  in  the  Capillaries. — The  observa- 
tions of  Hales,  E.  H.  Weber,  and  Valentin  agree  very  closely  as  to 
the  rate  of  the  blood-current  in  the  capillaries  of  the  frog ;  and 
the  mean  of  their  estimates  gives  the  velocity  of  the  systemic 
capillary  circulation  at  about  one  inch  per  minute.  Through  the 
pxUraonary  capillaries  the  rate  of  motion,  according  to  Hales,  is 
about  five  times  that  through  the  systemic  ones.  The  velocity 
in  the  capillaries  of  warm-blooded  animals  is  gi*eater.  If  it  be 
assumed  to  l)e  three  times  as  great  as  in  the  frog,  still  the  estimate 
may  seem  too  low,  and  inconsistent  with  the  facts,  which  show 
that  the  whole  circulation  is  accomplished  in  about  a  minute. 
But  the  whole  length  of  capillary  vessels,  through  which  any 
given  portion  of  blood  has  to  pass,  probably  does  not  exceed  from 
^^jth  to  -Jy th  of  an  inch ;  and  therefore  the  time  required  for  each 
quantity  of  blood  to  traverse  its  own  appointed  portion  of  the 
general  capillary  system  will  scarcely  amoimt  to  a  second  :  while 
in  the  pulmonic  capillary  system  the  length  of  time  required  will 
be  much  less  even  than  this.  These  estimates  are  taken  from 
observations  of  the  movements  of  the  red  corpuscles  in  the  centre 
of  the  stream. 

Velocity  of  Blood  in  the  Veins. — ^Tne  velocity  of  the  blood 
is  greater  in  the  veins  than  in  the  capillaries,  but  less  than  in  the 
arteries  :  this  fact  depending  upon  the  relative  capacities  of  the 
arterial  and  venous  systems.  If  an  accurate  estimate  of  the  pro- 
portionate areas  of  arteries  and  the  veins  corresponding  to  them 
could  be  made,  we  might,  from  the  velocity  of  the  arterial  current, 
calculate  that  of  the  venous.  An  usual  estimate  is,  that  the 
c&pacitj  of  the  veins  is  about  twice  or  three  times  as  great  as  that 
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of  the  arteries,  and  that  the  velocity  of  the  blood's  motion  is, 
therefore,  about  twice  or  three  times  as  great  in  the  arteries  as  in 
the  veins.  The  rate  at  which  the  blood  moves  in  the  veins 
gradually  increases  the  nearer  it  approaches  the  heart,  for  the 
sectional  area  of  the  venous  trunks,  compared  with  that  of  the 
branches  opening  into  them,  becomes  gradually  less  as  the  trunks 
advance  towards  the  heart. 

Velocity  of  the  Ciroulation  as  a  Whole. — It  would  appear 
that  a  portion  of  blood  can  traverse  the  entire  course  of  the  cir- 
culation, in  the  horse,  in  half  a  minute.  Of  course  it  would  require 
longer  to  traverse  the  vessels  of  the  most  distant  part  of  the  ex- 
tremities than  to  go  through  those  of  the  neck ;  but  taking  an 
average  length  of  vessels  to  be  traversed,  and  assuming  as  we 
may,  that  the  movement  of  blood  in  the  human  subject  is  not 
slower  than  in  the  horse,  it  may  be  concluded  that  one  minute, 
which  is  the  estimate  usually  adopted  of  the  average  time  in 
which  the  blood  completes  its  entire  circuit  in  man,  is  above 
rather  than  below  the  actual  rate. 

Satisfactory  data  for  these  estimates  are  afforded  by  the  results 
of  experiments  to  ascertain  the  rapidity  with  which  poisons  in- 
troduced into  the  blood  are  transmitted  from  one  part  of  the 
vascular  system  to  another.     From  eighteen  such  experiments 
on  horses,  Hering  deduced  that  the  time  required  for  the  passage 
of  a  solution  of  ferrocyanide  of  potassium,  mixed  with  the  blood, 
from  one  jugular  vein  (through  the  right  side  of  the  heart,  the 
pulmonary  circulation,   the   left  cavities  of  the  heart,  and  the 
general  circulation)  to   the  jugular  vein  of  the   opposite  side, 
varies  from  twenty  to  thirty  seconds.     The  same  substance  was 
transmitted  fit)m  the  jugular  vein  to  the  great  saphena  in  twenty 
"^conds;   from  the   jugular  vein  to  the   masseteric   artery,   in 
"Ctween  fifteen  and  thirty  seconds ;  to  the  facial  artery,  in  one 
^^riment,   in  between  ten   and   fifteen    seconds ;    in   another 
experiment  in  between  twenty  and  twenty-five  seconds ;  in  its 
t'^Qsit  from  the  jugular  vein  to  the  metatarsal  artery,  it  occupied 
*^*een  twenty  and  thirty  seconds,  and  in  one  instance  more 
"^  forty  seconds.     The  result  was  nearly  the  same  whatever 
^  the  rate  of  the  heart's  action. 

I^oiseuille's  observations  accord   completely   with   the   above, 
■Dd  BhoWy  moreover,  that  when  the  ferrocyanide  is  injected  into 
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tho  blood  with  other  subetances,  such  as  acetate  of  ammonia,  or 
uitrate  of  potash  (solutions  of  which,  as  other  experiments  hare 
shown,  pass  quickly  through  capillary  tubes),  the  passage  from 
one  jugular  vein  to  the  other  is  effected  in  from  eighteen  to 
twenty-four  seconds ;  while,  if  instead  of  these,  alcohol  is  added, 
the  passage  is  not  completed  until  from  forty  to  forty-five  seconds 
after  injection.  Still  greater  rapidity  of  transit  has  been  observed 
by  Mr.  J.  Blake,  who  found  that  nitrate  of  baryta  injected  into 
the  jugular  vein  of  a  horse  could  be  detected  in  blood  drawn 
from  the  carotid  artery  of  the  opposite  side  in  from  fifteen  to 
twenty  seconds  after  the  injection.  In  sixteen  seconds  a  solution 
of  nitrate  of  potash,  injected  into  the  jugular  vein  of  a  horse, 
caused  complete  arrest  of  the  heart's  action,  by  entering  and 
diffusing  itself  through  the  coronary  arteries.  In  a  dog,  the 
poisonous  effects  of  strychnia  on  the  nervous  system  were  mani- 
fested in  twelve  seconds  after  injection  into  the  jugular  vein ;  in 
a  fowl,  in  six  and  a  half  seconds,  and  in  a  rabbit  in  fotu*  and  a 
half  seconds. 

In  all  these  experiments,  it  is  assumed  that  the  substance 
injected  moves  with  the  blood,  and  at  the  same  rate  as  it,  and 
does  not  move  from  one  part  of  the  organs  of  circulation  to 
another  by  diffusing  itself  through  the  blood  or  tissues  more 
quickly  than  the  blood  moves.  The  assumption  is  sufficiently 
probable,  to  be  considered  nearly  certain,  that  the  times  above- 
meDtioncd,  as  occupied  in  the  passage  of  the  injected  substances, 
arc  those  in  which  the  portion  of  blood,  into  which  each  was 
injected,  was  carried  from  one  part  to  another  of  the  vascular 
system. 

Another  mode  of  estimating  the  general  velocity  of  the  circu- 
lating blood,  is  by  calculating  it  from  the  quantity  of  blood 
supposed  to  be  contained  in  the  body,  and  from  the  quantity 
which  can  pass  through  the  heart  in  each  of  its  actions.  But 
the  conclusions  arrived  at  by  this  method  are  less  satisfactory. 
For  the  estimates  both  of  the  total  quantity  of  blood,  and  of  the 
capacity  of  the  cavities  of  the  heart,  have  as  yet  only  approxi- 
mated to  the  truth.  Still  the  most  careful  of  the  estimates  thus 
made  accord  very  nearly  with  those  already  mentioned ;  and  it 
may  be  assumed  that  the  blood  may  all  pass  through  the  heart  in 
from  twenty-five  to  fifty  seconds. 
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The  estimate  of  the  speed  at  which  the  blood  may  be  seen 
moYing  in  transparent  parts,  is  not  opposed  to  this.  For,  as 
already  stated  (p.  202),  though  the  movement  through  the  capil- 
laries may  be  very  slow,  yet  the  length  of  capillary  vessel  thi*ough 
which  any  portion  of  blood  has  to  pass  is  very  smalL 

Of  course  the  time  in  which  a  given  portion  of  blood  passes  from 
one  side  of  the  heart  to  the  other,  varies  much  according  to  the 
organ  it  has  to  traverse.  The  blood,  for  example,  which  circu- 
lates fixMn  the  left  ventricle,  through  the  coronary  vessels  to 
the  right  side  of  the  heart,  requires  a  far  shorter  time  for  the 
completion  of  its  course  than  the  blood  which  flows  from  the 
left  side  of  the  heart  to  the  feet,  and  back  again  to  the  right  side 
of  the  heart;  %r  the  circulation  from  the  left  to  the  right 
cavities  of  the  heart  may  be  represented  as  forming  a  number  of 
arches,  varying  in  size,  and  requiring  proportionately  various 
times  for  the  blood  to  traverse  them ;  the  smallest  of  these  arches 
being  formed  by  the  circulation  through  the  coronary  vessels  of 
the  heart  itself. 

The  course  of  the  blood  from  the  right  side  of  the  heart,  through 
the  lungs  to  the  left,  is  shorter  than  most  of  the  arches  described 
by  the  systemic  circulation,  and  in  it  the  blood  flows,  cceteris 
paribusy  much  quicker  than  in  most  of  the  vessels  which  belong  to 
the  aortic  circulation.  For  although  the  quantity  of  blood  con- 
tained, at  any  instant,  in  the  systemic  circulation  of  the  body, 
is  £Eir  greater  than  the  quantity  within  the  pulmonary  circulation ; 
yet,  in  any  given  space  of  time,  as  much  blood  must  pass  through 
the  hmgs  as  passes  in  the  same  time  through  the  systemic  circula- 
tion. If  the  systemic  vessels  contain  five  times  as  much  blood  as 
the  pulmonary,  the  blood  in  them  must  move  five  times  as  slow 
as  in  these ;  else,  the  right  side  of  the  heart  would  be  either  over- 
filled or  not  filled  enough. 

Peooliarities  of  the  Circulation  in  Different  Parts. — The 
most  remarkable  peculiarities  attending  the  circulation  of  blood 
through  different  oigans  are  observed  in  the  cai&es  of  the  lungs^  the 
Iher^  the  kidney ^  the  brain ^  and  the  erectile  organs.  The  pulmonary, 
portal,  and  renal  circulations  will  be  noticed  when  considering  the 
functionB  of  the  lungs,  liver,  and  kidneys. 

Peonliarities  of  the  Cerebral  Circnlation.^-The  chief  cir- 
cumstances requiring  notice,  in  relation  to  the  cerebral  circulation^ 
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are  observed  in  the  arrangement  and  distribution  of  the  vessels  of 
the  brain,  and  in  the  conditions  attending  the  amount  of  blood 
usually  contained  within  the  cranium. 

For  the  due  performance  of  its  functions,  the  brain  requires  a 
large  supply  of  blood.  This  is  accomplished  through  the  number 
and  size  of  its  arteries,  the  two  internal  carotids,  and  the  two 
vertebrala.  But  it  appears  to  be  further  necessary  that  the  force 
with  which  this  blood  is  sent  to  the  brain  should  be  less,  or  at 
least,  subject  to  less  variation  from  external  circumstances  than  it 
is  in  other  parts.  This  object  is  effected  by  several  provisions ; 
such  as  the  tortuosity  of  the  large  arteries,  and  their  wide  anasto- 
moses in  the  formation  of  the  circle  of  Willis,  which  will  insure 
that  the  supply  of  blood  to  the  brain  may  be  illdform,  though  it 
may  by  an  accident  be  diminished,'  or  in  some  way  changed, 
through  one  or  more  of  the  principal  arteries.  The  transit  of  the 
large  arteries  through  bone,  especially  the  carotid  canal  of  the 
temporal  bone,  may  prevent  any  undue  distension ;  and  uniformity 
of  supply  is  fiui;her  insured  by  the  arrangement  of  the  vessels  in 
the  pia  mater,  in  which,  previous  to  their  distribution  to  the  sub- 
stance of  the  brain,  the  largo  arteries  break  up  and  divide  into 
innumerable  minute  branches  ending  in  capillaries,  which,  after 
frequent  communications  with  one  another,  enter  the  brain,  and 
carry  into  nearly  ever}'  part  of  it  uniform  and  equable  streams  of 
blood. 

The  arrangement  of  the  veins  within  the  cranium  is  also  peculiar. 
The  large  venous  trunks  or  sinuses  are  formed  so  as  to  be  scarcely 
capable  of  change  of  size ;  and  composed,  as  they  are,  of  the  tough 
tissue  of  the  dura  mater,  and,  in  some  instances,  bounded  on  one 
side  by  the  bony  cranium,  they  are  not  compressible  by  any  force 
which  the  fulness  of  the  arteries  might  exercise  through  the  sub- 
stance of  the  brain;  nor  do  they  admit  of  distension  when  the  flow 
of  venous  blood  from  the  brain  is  obstructed. 

The  general  unifonnity  in  the  supply  of  blood  to  the  brain, 
which  is  thus  seciu-ed,  is  well  adapted,  not  only  to  its  functions, 
but  also  to  its  condition  as  a  mass  of  nearly  incompressible  sub- 
stance placed  in  a  cavity  with  unyielding  walls.  These  conditions 
of  the  brain  and  skull  have  appeared,  indeed,  to  some,  enough  to 
justify  the  opinion  that  the  quantity  of  blood  in  the  brain  must  be 
at  all  times  the  same.     But  Sir  G.  Burrows  found  that  in  animals 
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bled  to  death,  without  any  aperture  being  made  in  the  cranium, 
the  brain  became  pale  and  aneemic  like  other  parts.  And  iu 
proof  that,  during  life,  the  cerebral  circulation  is  influenced  by 
the  same  general  circumstances  that  influence  the  circulation  else- 
irhere,  he  foimd  congestion  of  the  cerebral  vessels  in  rabbits  killed 
in  strangling  or  drowning ;  while  in  others,  killed  by  prussic  acid, 
he  observed  that  the  quantity  of  blood  in  the  cavity  of  the  cranium 
was  determined  by  the  position  in  which  the  animal  was  placed 
after  death,  the  cerebral  vessels  being  congested  when  the  animal 
was  suspended  with  its  head  downwards,  and  comparatively  empty 
when  the  animal  was  kept  suspended  by  the  ears.  He  concluded, 
therefore,  that  although  the  total  volume  of  the  contents  of  the 
cranium  is  probably  nearly  always  the  same,  yet  the  quantity  of 
blood  in  it  is  liable  to  variation,  its  increase  or  diminution  being 
accompanied  by  a  simultaneous  diminution  or  increase  in  the 
quantity  of  the  cerebro-spinal  fluid,  which,  by  readily  admitting 
of  being  removed  from  one  part  of  the  brain  and  spinal  cord  to 
another,  and  of  being  rapidly  absorbed,  and  as  readily  eflused, 
would  serve  as  a  kind  of  supplemental  fluid  to  the  other  contents 
of  the  cranium,  to  keep  it  imiformly  filled  in  case  of  variations  in 
their  quantity.  And  there  can  be  no  doubt  that,  although  the 
arrangements  of  the  blood-vessels,  to  which  reference  has  been 
made,  ensure  to  the  brain  an  amount  of  blood  which  is  tolerably 
uniform,  yet,  inasmuch  as  with  every  beat  of  the  heart  and  every 
act  of  respiration,  and  under  many  other  circumstances,  the 
quantity  of  blood  in  the  cavity  of  the  cranium  is  constantly 
varying,  it  is  plain  that,  were  there  not  provision  made  for  the 
possible  displacement  of  some  of  the  contents  of  the  unyielding 
bony  case  in  which  the  brain  is  contained,  there  would  be  often 
alternations  of  excessive  pressure  with  insufficient  supply  of  blood. 
Hence  we  may  consider  that  the  cerebro-spinal  fluid  in  the  interior 
of  the  skull  not  only  subserves  the  mechanical  functions  of  fat  iu 
other  parts  as  a  packing  material,  but  by  the  readiness  with  which 
it  can  be  displaced  into  the  spinal  canal,  provides  the  means 
wheieby  undue  pressure  and  insufficient  supply  of  blood  are 
equally  prevented. 

Chemioal  Composition  of  Cerebro-spinal  FluicL— The 
oerebro-spinal  fluid  is  transparent,  coloiu*less,  not  viscid,  with  a 
saline  taste  and  alkaline  reaction,  and  is  not  afiected  by  heat  or 
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acids.  It  contains  gSi — 984  parts  water,  chloride  of  sodium,  traces 
of  chloride  of  potassium,  sulphates,  carbonates,  alkaline  and  earthy 
phosphates,  minute  traces  of  urea,  sugar,  lactate  of  soda,  fatty 
matter,  cholcsterin  and  albumen  (Flint). 

Ciroulation  in  Erectile  StraotureB.— The  instances  of  greatest 
variation  in  the  quantity  of  blood  contained,  at  different  times,  in 
the  same  organs,  are  found  in  certain  structures  which,  under 
ordinary  circumstances,  are  soft  and  flaccid,  but,  at  certain  times, 
receive  an  uuusually  large  quantity  of  blood,  become  distended 
and  swollen  by  it,  and  pass  into  the  state  which  has  been  termed 
erection.  Such  structures  are  the  corpora  cavernosa  and  corpus 
spongiosum  of  the  penis  in  the  male,  and  the  clitoris  in  the  female ; 
and,  to  a  less  degree,  the  nipple  of  the  mammary  gland  in  both 
sexes.  The  corpus  cavemosum  penis,  which  is  the  best  example 
of  an  erectile  stnicturc,  has  an  external  fibrous  membrane  or 
sheath ;  and  from  the  inner  surface  of  the  latter  are  prolonged 
numerous  fine  lamella)  which  divide  its  cavity  into  small  com- 
partments looking  like  cells  when  they  are  inflated.  Within  these 
is  situated  the  plexus  of  veins  upon  which  the  peculiar  erectile 
property  of  the  organ  mainly  de]>ends.  It  consists  of  short  veins 
which  very  closely  interlace  and  anastomose  with  each  other  in  all 
directions,  and  admit  of  great  variation  of  size,  collapsing  in  the 
passive  state  of  the  organ,  but,  for  erection,  capable  of  an  amount 
of  dilatation  which  exceeds  beyond  comparison  that  of  the  arteries 
and  veins  which  convey  the  blood  to  and  fix)m  them.  The  strong 
fibrous  tissue  lying  in  the  intervals  of  the  venous  plexuses,  and 
the  external  fibrous  membrane  or  sheath  with  which  it  is  con- 
nected, limit  the  distension  of  the  vessels,  and,  during  the  state  of 
erection,  give  to  the  penis  its  condition  of  tension  and  finnness. 
The  same  general  condition  of  vessels  exists  in  the  corpus  spongio- 
sum uretbne,  but  around  the  urethra  the  fibrous  tissue  is  much 
weaker  than  around  the  body  of  the  penis,  and  around  the  glans 
there  is  none.  The  venous  blood  is  returned  from  the  plexuses 
by  comparatively  small  veins  ;  those  from  the  glans  and  the  fore 
part  of  the  urethra  empty  thomselves  into  the  dorsal  vein  of  the 
penis ;  those  from  the  cavemosum  pass  into  deeper  veins  which 
issue  from  the  corpora  cavernosa  at  the  crura  penis ;  and  those 
from  the  rest  of  the  urethra  and  bulb  pass  more  directly  into  the 
plexus  of  the  veins  about  the  prostate.     For  all  these  veins  one 


CHAP.Ti.]  DISCOVEBY   OF   THE    CIRCULATIOX.  209 

oondition  is  the  same;  namely,  that  they  are  liable  to  the  pressure 
of  muscles  when  they  leave  the  penis.  The  muscles  chiefly 
concerned  in  this  action  are  the  erector  penis  and  accelerator 
orinae. 

Erection  results  from  the  distension  of  the  venous  plexuses 
with  blood.  The  principal  exciting  cause  in  the  erection  of  the 
penis  is  nervous  irritation,  originating  in  the  part  itself,  or  derived 
from  the  brain  and  spinal  cord  The  uerv'ous  influence  is  com- 
mimicated  to  the  penis  by  the  pudic  nerves,  which  ramify  in  its 
rascalar  tissue:  and  Guenther  has  observed,  that,  after  their 
diyision  in  the  horse,  the  penis  is  no  longer  capable  of  erection. 

This  influx  of  the  blood  is  the  first  condition  necessary  for 
erection,  and  through  it  alone  much  enlargement  and  tur- 
geecence  of  the  penis  may  ensue.  But  the  erection  is  probably 
not  complete,  nor  maintained  for  any  time  except  when,  together 
with  this  influx,  the  muscles  already  mentioned  contract,  and  by 
compressing  the  veins,  stop  the  efflux  of  blood,  or  prevent  it  from 
being  as  great  as  the  influx. 

It  appears  to  be  only  the  most  perfect  kind  of  erection  that 
needs  the  help  of  muscles  to  compress  the  veins ;  and  none  such 
can  materially  assist  the  erection  of  the  nipples,  or  that  amount 
of  tuigescence,  just  fietlling  short  of  erection,  of  which  the  spleen 
and  many  other  parts  are  capable.  For  such  turgescence  nothing 
more  seems  necessary  than  a  large  plexiform  arrangement  of  the 
veins,  and  such  arteries  as  may  admit,  upon  occasion,  augmented 
quantities  of  blood. 

Discovery  of  the  Circulation. 

Up  to  nearly  the  close  of  the  sixteenth  century  it  was  generally  believed 
that  the  blood  passed  from  ose  ventricle  to  the  other  through  foramina  in 
the  **  septum  ventriculorum.**  These  foramina  are  of  course  purely  imaginary, 
bat  no  one  ventured  to  dispute  their  existence  till  Scrvetus  boldly  stated 
that  he  could  not  succeed  in  finding  them.  He  further  asserted  that  the 
blood  passed  from  the  Right  to  the  Left  side  of  the  heart  by  way  of  the  lungs, 
and  also  advanced  the  hypothesis  that  it  is  thus  "revivified,"  remarking 
that  the  Pulmonary  Artery  is  too  larg^  to  serve  merely  for  the  nutrition  of 
the  lungs  (a  theory  then  generally  accepted). 

Bealdus,  Columbo,  and  Csesalpinus,  added  several  important  observations. 
Tbe  latter  showed  that  the  blood  is  slightly  cooled  by  passing  through  the 
imigs,  also  that  the  veins  swell  up  on  the  distal  side  of  a  ligature.  The 
ezi^eoce  of  valves  in  the  veins  had  previously  been  discovered  by  Fabricius 
d  Aqnapendente,  the  teacher  of  Harvey. 

The  hoooor  of  first  demonstrating  the  general  course  of  the  c\icu\sA.\oii 
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Ixilongs  bv  right  to  Harvey,  who  made  his  grand  discovery  about  1618.  He 
was  the  first  to  establish  the  muscalar  stmctore  of  the  heart,  which  had 
been  denied  by  many  of  his  predecessors  ;  and  by  careful  study  of  its  action 
both  in  the  body  and  when  excised,  ascertained  the  order  of  contraction  of 
its  cavities.  He  did  not  content  himself  with  inferences  from  the  anatomy 
of  the  parts,  but  employed  the  experimental  method  of  injection,  and  made 
an  extensive  and  accurate  series  of  observations  on  the  circulation  in  cold 
blooded  animals.  He  forced  water  through  the  Pulmonary  Artery  till  it 
trickled  out  through  the  Left  ventricle,  the  tip  of  which  had  been  cut  off. 
Another  of  his  experiments  was  to  fill  the  Right  side  of  the  heart  with  water, 
tie  the  Pulmonary  Artery  and  the  Venae  Oavae,  and  then  squeeze  the  Right 
ventricle  :  not  a  drop  could  be  forced  through  into  ihe  Left  ventricle,  and 
thus  he  conclusively  disproved  the  existence  of  foramina  in  the  septum. 
ventriculorum.  "  I  have  sufficiently  proved,"  says  he,  "  that  by  the  beating 
of  the  heart  the  bloo<l  passes  from  the  veins  into  the  arteries  through  the 
ventricles,  and  is  distributed  over  the  whole  body." 

"  In  the  warmer  animals,  such  as  man,  the  blood  passes  from  the  Right 
Ventricle  of  the  Heart  through  the  Pulmonary  Artery  into  the  Lungs,  and 
thence  through  the  Pulmonary  Veins  into  the  Left  Auricle,  thence  into  the 
Left  Ventricle." 

Proofii  of  the  Circulation  of  the  Blood. — ^The  following  are 

the  main  arguments  by  which  Harvey  established  the  fact  of  the 

circulation : — 

1.  The  heart  in  half  an  hour  propels  more  blood  than  the  whole 
mass  of  blood  in  the  body. 

2.  The  great  force  and  jetting  manner  with  which  the  blood 
spirts  from  an  opened  artery,  such  as  the  carotid,  with  every  beat 
of  the  heart. 

3.  If  true,  the  normal  course  of  the  circulation  explains  why- 
after  death  the  arteries  are  commonly  found  empty  and  the  veins 
full 

4.  If  the  large  veins  near  the  heart  were  tied  in  a  fish  or  snake, 
the  heart  became  pale,  flaccid,  and  bloodless ;  on  removing  the 
ligature,  the  blood  again  flowed  into  the  heart.  If  the  artery  were 
tied,  the  heart  became  distended  ;  the  distension  lasting  until  the 
ligature  was  removed. 

5.  The  evidence  to  be  derived  from  a  ligature  round  a  limb.  If 
it  be  drawn  very  tight,  no  blood  can  enter  the  limb,  and  it  be- 
comes pale  and  cold.  If  the  ligatiu*e  be  somewhat  relaxed,  blood 
can  enter  but  cannot  leave  the  limb ;  hence  it  becomes  swollen 
and  congested.  If  the  ligature  be  removed,  the  limb  soon  regains 
its  natural  appearance. 

6.  The  existence  of  valves  in  the  veins  which  only  permit  the 
blood  to  flow  towards  the  heart. 
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7.  The  general  constitutional  disturbance  resulting  from  the 
introduction  of  a  poison  at  a  single  point,  e,  g,,  snake  poison. 

To  these  may  now  be  added  many  further  proofs  which  have 
accumulated  since  the  time  of  Harvey,  e.g,  : — 

8.  Wounds  of  arteries  and  veins.  In  the  former  case  lieemo- 
rrhage  may  be  almost  stopped  by  pressure  above,  in  the  latter  by 
pressure  below,  the  seat  of  injury. 

9.  The  direct  observation  of  the  passage  of  blood  corpuscles 
finom  small  arteries  through  capillaries  into  veins  in  all  transparent 
vascular  parts,  as  the  mesentery,  tongue  or  web  of  the  frog,  the 
tail  or  gills  of  a  tadpole,  <!i^c. 

10.  The  results  of  injecting  certain  substances  into  the  blood. 
^See  Bering's  Experiments,  p.  203.) 

Further,  it  is  obvious  that  the  mere  fact  of  the  existence  of  a 
hollow  muscular  organ  (the  heart)  with  valves  so  arranged  as  to 
permit  the  blood  to  pass  only  in  one  direction,  of  itself  suggests 
the  course  of  the  circulation.  The  only  part  of  the  circulation 
which  Harvey  could  not  follow  is  that  through  the  capillaries,  for 
the  simple  reason  that  he  had  no  lenses  sufficiently  powerful  to 
enable  him  to  see  it  Malpighi  (1661)  and  Leeuwenhoek  (1668) 
demonstrated  it  in  the  tail  of  the  tadpole  and  lung  of  the  frog. 

The  diBOOvery  of  the  circulation  of  the  blood  by  Harvey  forms  the  basis  of 
modem  physiology.  His  great  treatise,  *'  De  Mota  Cordis  et  Sanguinis,'*  is 
a  veiy  model  of  accurate  reasoning,  based  on  a  vast  array  of  facts  esta- 
blished by  careful  dissections  and  experiments,  and  collected  from  clinical 
obserration.  The  conclusion  at  which  he  arrived  is  as  follows : — '*  Since 
both  by  reasoning  and  by  experiment  the  following  facts  have  been  estab- 
lidied,  viz.,  that  the  blood  is  forced  through  the  lungs  by  the  contraction 
of  the  ventricles,  and  is  driven  through  the  whole  body  where  it  traverses 
'porodties*  in  the  flesh,  and  flows  from  the  circumference  towards  the 
oentre  from  the  smaller  into  the  larger  veins,  and  thence  into  the  vena  cava 
and  auride,  we  cannot  but  conclude  that  in  animals  the  blood  moves  in 
a  circuit,  and  that  this  is  the  action  or  function  of  the  heart  which  it 
accomplishes  by  its  pulsations." 


P  2 


CHAPTER    VIL 

RESPIRATION. 

The  maintenanoe  of  animal  life  necessitates  tne  continual 
absorption  of  oxygen  and  excretion  of  carbonic  acid ;  the  blood 
being,  in  all  animals  which  possess  a  well  developed-  blood-vascular 
system,  the  medium  by  which  these  gases  are  carried.  By  the 
blood,  oxygen  is  absorbed  from  without  and  conveyed  to  all  parts 
of  the  organism ;  and,  by  the  blood,  carbonic  acid,  which  comes 
from  within,  is  carried  to  those  parts  by  which  it  may  escape 
from  the  body.  The  two  processes, — absorption  of  oxygen  and 
excretion  of  carbonic  acid, — are  complementary,  and  their  sum  is 
termed  the  process  of  Respiration. 

Under  the  head  of  respiration  are  frequently  included  the 
absorption  and  exhalation  of  other  matters  than  carbonic  acid  and 
oxygen.  But,  excepting  watery  vapour,  which  is  so  constantly 
exhaled  by  the  lungs  as  to  deserve  to  be  included  with  carbonic 
Eusid  as  an  essential  respiratory  product  in  air-breathing  animals, 
all  other  gaseous  matters  than  those  just  referred  to  must  be 
considered  accessory  or  accidental  rather  than  essential. 

In  all  Vertebrata,  and  in  a  large  number  of  Invertebrata,  certain 
parts  (either  lungs  or  giUs)  are  specially  constructed  for  bringing 
the  blood  into  proximity  with  the  aerating  medium  (atmospheric 
air,  or  water  containing  air  in  solution). 

In  some  of  the  lower  Vertebrata  (frogs  and  other  naked  Amphibia)  the 
skin  is  important  as  a  respiratory  organ,  and  is  capable  of  sapplemeoting, 
to  some  extent,  the  functions  of  the  proper  breathing  apparatus  ;  bat  in  all 
the  higher  animals,  including  man,  the  respiratory  capacity  of  the  akin  is  so 
infinitesimal  that  it  may  be  practically  disregarded. 

Essentially,  a  lung  or  gill  is  constructed  of  a  fine  transparent 
membrane,  one  surface  of  which  is  exposed  to  the  air  or  water, 
as  the  case  may  be,  while,  on  the  other,  is  a  network  of  blood- 
Teaseh, — the  only  separation  between  the  blood  and  aerating 


CHAP.  VII.]  THE   LUNGS.  213 

medium  being  the  thin  wall  of  the  blood-vessels,  and  the  fine 
membrane  on  one  side  of  which  vessels  are  distributed.  The 
difference  between  the  simplest  and  the  most  complicated  re- 
spiratory membrane  is  one  of  degree  only.  The  apparently 
complex  lung  of  a  Bird  or  Mammal  is  but  a  bag  or  sac,  the  walls 
of  which  are  extensively  folded  and  re-folded  in  order  to  obtain, 
in  a  given  space,  the  greatest  possible  amount  of  aerating  sur- 
face ;  and  thus,  to  the  naked  eye,  such  a  lung  on  section  looks 
like  a  solid  organ.  A  lung,  such  as  this,  is  not  less  an  air- 
containing  sac  than  is  the  lung  of  the  frog,  the  walls  of 
which  are  not  infolded  sufficiently  to  interfere  with  its  bag-like 
appearance. 

The  various  complexity  of  the  respiratory  membrane,  and  the 
kind  of  aerating  medium  (whether  air  or  water  containing  air),  are 
not  the  only  conditions  which  cause  a  difference  in  the  respiratory 
capacity  of  different  animals.  The  niunber  and  size  of  the  red  blood- 
corpuscles,  the  mechanism  of  the  breathing  apparatus,  the  presence 
or  absence  of  a  pulmonary  heart,  physiologically  distinct  from  the 
systemic^  are,  all  of  them,  conditions  scarcely  second  in  importance. 

In  the  heart  of  man  and  all  other  Mammalia,  the  right  side  froin  which 
the  blood  is  propelled  into  and  through  the  lungs  may  be  termed  the  "  pul- 
monary "  heart ;  while  the  left  side  is  '^  systemic  "  in  function.  In  many  of 
the  lower  animals,  however,  no  such  distinction  can  be  drawn.  Thus,  in 
Fish  the  heart  propels  the  blood  to  the  respiratory  organs  (gills) ;  but  there 
is  no  contractile  sac,  corresponding  to  the  left  side  of  the  heart,  to  propel  the 
blood  directly  into  the  systemic  vessels. 

It  may  be  well  to  state  here  that  the  limgs  are  only  the 
medium  for  the  exchange,  on  the  part  of  the  blood,  of  carbonic 
acid  for  oxygen.  They  are  not  the  seat,  in  any  special  manner,  of 
those  combustion-processes  of  which  the  production  of  carbonic 
acid  is  the  final  result.  These  occur  in  all  parts  of  the  body — 
more  in  one  part,  less  in  another :  partly  in  the  substance 
of  the  tissues,  partly  in  the  capillary  blood-vessels  contained  in 
them. 

The  Lungs. 

The  Lungs  occupy  the  greater  portion  of  the  thorax.  They  ai'e 
of  a  spongy  elastic  texture,  and  on  section  appear  to  the  naked  eye 
as  if  they  were  in  great  part  solid  organs,  except  hero  and  there, 
at  certain  points,  where  branches  of  the  bronchi  or  air-tubeB  may 
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have  been  cut  across,  and  sliow,  on  the  aurfoco  of  the  section,  their 
tubular  structure. 

In  fact,  however,  the  lungs  are  hollow  OT;gans,  and  we  may 
consider  them  as  really  two  bags  containing  air,  each  of  which 
communicates  by  a  separate  orifice  with  a  common  air-tube,  the 
tradiea  (fig.  130),  through  tho  upper  portion  of  which,  the  larynx. 


they  freely  communicate  with  the  external  atmosphere.  The  orifice 
of  tho  larynx  is  guarded  by  muscles,  and  can  be  opened  or  closed 
at  will. 

The  Pleura.— Each  lung  is  enveloped  by  a  serous  membraoe 
— the  pleura,  one  layer  of  which  adheres  closely  to  the  surface  of 
the  lung,  and  provides  it  with  its  smooth  and  slippery  covering, 
while  the  other  adheres  to  the  inner  surface  of  the  cbest-waU. 
The  continuity  of  the  two  layers,  which  form  a  closed  eac,  as  in 
the  case  of  other  serous  membranes,  will  be  best  understood  by 
reference  to  fig.  129.  The  appearance  of  a  apace,  however,  be- 
tween the  pleura  which  covers  the  lung  (visceral  layer),  and  that 
which  lines  the  inner  surface  of  the  chest  {parietal  layer),  is  in- 
serted in  the  drawing  only  for  the  sake  of  distinctness.  These 
layers  arc,  in  health,  everywhere  in  contact,  one  with  the  other  j 
and  between  them  is  only  just  so  much  fluid  as  will  ensure  the 
lungs  gliding  cosily  on  tho  inner  surface  of  the  parietal  layer, 
which  hnes  the  chest-wall.      \Miilc   considering  the   sul^ect   of 

"  Fig.  119.     TniaBverse  bkUihv  ot  the  cheat  (after  Gnj). 
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.  nonnal  respiration,  wo  may  discard  altogether  the  notion  of  the 
e3UBtence  of  any  space  or  cavity  between  the  lung  and  the  wall  of 
the  chest.  So  far  as  the  movement  of  the  lungs  is  concerned  they 
might  be  adherent  to  the  chest-wall,  inasmuch  as  they  accompany 
the  latter  in  all  its  movements. 

If,  however,  an  opening  be  made  so  as  to  permit  air  or  fluid  to 
enter  the  pleural  sac,  the  lung,  in  virtue  of  its  elasticity,  recoils, 
and  a  considerable  space  is  left  between  the  lung  and  the  chcst- 
walL  In  other  words,  the  natural  elasticity  of  the  lungs  would 
cause  them  at  all  times  to  contract  away  from  the  ribs,  were  it  not 
that  the  contraction  is  resisted  by  atmospheric  pressure  which 
bears  only  on  the  inner  surface  of  the  air-tubes  and  air-cells.  On 
the  admission  of  air  into  the  pleural  sac,  atmospheric  pressure 
bears  alike  on  the  inner  and  outer  surfaces  of  the  lung,  and  their 
clastic  recoil  is  thus  no  longer  prevented. 

Stracture  of  the  Pleura. — ^The  pulmonary  pleura  consists  of 
an  outer  or  denser  layer  and  an  inner  looser  tissue.  The  former 
or  pleura  proper,  consists  of  dense  fibrous  tissue  with  elastic 
fibres,  covered  by  endothelium,  the  cells  of  which  are  large,  flat, 
hyaline,  and  transparent  when  the  lung  is  expanded,  but  become 
smaller,  thicker,  and  granular  when  the  lung  collapses.  In  the 
pleura  is  a  lymph-canalicular  system ;  and  connective  tissue  cor- 
puscles are  found  in  the  fibres  and  tissue  which  forms  its  ground- 
work. The  inner,  looser,  or  subpleural  tissue  contains  lamellae  of 
fibrous  connective  tissue  and  connective  tissue  corpuscles  between 
them.  Numerous  lymphatics  are  to  be  met  with,  which  form  a 
dense  plexus  of  vessels,  many  of  which  contain  valves.  They  are 
simple  endothelial  tubes,  and  take  origin  in  the  lymph-canalicular 
system  of  the  pleura  proper. 

The  structure  of  the  parietal  portion  of  the  pleura  is  very  similar 
to  that  of  the  pulmonary  layer. 

Scattered  bundle^  of  unstriped  muscular  fibre  occur  in  the 
pulmonary  pleura.  They  are  especially  strongly  developed  on 
those  parU  (anterior  and  internal  surfaces  of  lungs)  which  move 
most  freely  in  respiration :  their  function  is  doubtless  to  aid  in 
expiration  (Klein). 

Stmctnre  of  the  Trachea  and  Bronohial  Tubes. — The 
irackea  or  windpipe  extends  from  the  cricoid  cartilage,  which  is  on  a 
level  with  the  fifth  cervical  vertebra,  to  a  point  opposite  t\io  tYivtd 
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dorsal  vertebra,  where  it  divides  into  the  two  bronchi,  one  for  each, 
lung  (fig.  130).     It  measures,  on  an  average,  four  or  four-and-ar 

half  inches  in  length,  and  from 
Fig.  13a*  three-quarters  of  an  inch  to  an 

inch  in  diameter. 

The  trachea  is  essentially 
a  tube  of  fibro-elastic  mem- 
brane, within  the  layers  of 
which  are  enclosed  a  series  of 
cartilaginous  rings,  from  six- 
teen to  twenty  in  number. 
These  rings  extend  only  around 
the  front  and  sides  of  the 
trachea  (about  two-thirds  of 
its  droumference),  and  are 
deficient  behind ;  the  interval 
between  their  posterior  ex- 
tremities being  bridged  over 
by  a  continuation  of  the  fibrous 
membrane  in  which  they  are 
enclosed  (fig.  131). 

Immediately  within  this 
fibro-cartilaginous  tube,  at  the 
back,  is  a  layer  of  unstriped 
muscular  fibres,  which  extends, 
transversely,  between  the  ends 
of  the  cartilaginous  rings  to 
which  they  are  attached,  and 
opposite  the  intervals  between 
them,  also ;  their  evident  frmc- 
tion  being  to  diminish,  when 
required,  the  calibre  of  the 
trachea  by  approximating  the 
ends  of  the  cartilages.      Outside   these  are   a  few  longitudinal 

•  Fig.  130.    Outline  showing  the  general  form  of  the  larynx,  trachea,  and 

bronchi,  as  seen  from  before,    /i,  the  great  comu  of  the  hyoid  bone  ;  e, 

epiglottis ;  ^  superior,  and  ^,  inferior  comu  of  the  thyroid  cartilage ;  e,  middle 

of  the  cricoid  cartilage ;  <r,  the  trachea,  showing  sixteen  cartilaginous  rings ; 

4  the  light,  said  b\  the  left  bronchus.    (Allen  Thomson.)    \, 
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bundles  of  muGculiur  tiesue,  which,  like  the  preceding,  are  attached 
both  to  the  fibrous  and  car- 
tilaginous firame  work.  Fig.  131.' 

The  mucoua  membrane 
consista  of  lymphoid  tissue, 
separated  &om  the  stratified 
colomnar  epithelium  which 
lines  it  by  a  homogeneous 
basement  membrane.  This 
is  penetrated  here  and  there 
by  chanuels  wbich  connect 
the  lymphoid  tisane  of  the 
fluiCMawith  the  intercellular 
substance  of  the  epithelium. 
The  stratified  columnar 
epithelium  is  formed  of 
seTeral  layers  (fig.  134), 
of  which  the  moat  super- 
ficial is  ciliated,  often 
branched  downwards  to 
join  connective-tissue  cor- 
puscles ;  while  between 
these  branched  cells  are 
smaller  elongated  colls  pro- 
longed up  towards  the 
sur&ce  and  down  to  the 
basement  membrane.  Be- 
neath these  are  one  or  < 
more  layers  of  more  ir- 
n^olarly  shaped  cells.  In 
the  deeper  part  of  the 
mnooea  are    many  elastic 

fibres  between  which  lie  connectiTe-tisaue  corpuscles  and  capillary 
blood-Tcssels. 

*  ^-  >3'-  OatliiM  tbowitif;  the  general  fonn  of  the  Uryni,  tracbva,  and 
bronchi  u  seen  baa  behind.  A,  great  caran  of  the  byoid  bono  ;  t,  superior, 
and  f,  the  inferior  coma  of  the  thyroid  cartilage  ;  c,  the  epiglottis  ;  a,  points 
to  the  back  of  both  the  aiytenoid  cartilages,  which  are  gnnnounted  by  the 
cnmicala ;  e,  the  middle  ridge  on  the  back  of  the  cricoid  cartilaf^  ;  (r,  tha 
r  raembriQotu  port  of  the  trachea ;   b,  V,  right  ftad  lett  bnmc^ 

-     ».)  1. 
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Numerous  mucoua  glands  are  situate  on  the  exterior  and  in  the 
substance  of  the  fibrous  framework  of  the  trachea ,- their  ducts 
porforating  the  various  structures  whicH  form   the  vail   of  the  , 
trachea,  and  opening  through  the  mucous  membrane  into  the 
interior. 

The  two  bronchi  into  which  the  trachea  divides,  of  which  the 
right  ia  shorter,  broader,  and  more  horizontal  than  the  left  (fig. 
130),  resemble  the  trachea  exactly  in  structure,  and  in  the  arrange- 

Fij.   132.* 


mcnt  of  their  cartilaginous  nngs.  On  entering  the  'substance  of 
the  lungs,  however,  the  rings,  although  they  still  form  only  larger 
or  smaller  segments  of  a  circle,  arc  no  longer  confined  to  the  fiont 
and  sides  of  the  tubes,  but  are  distributed  impartially  to  all  parts 
of  their  circumference. 

The  bronchi  divide  and  sub-divide,  in  the  substance  of  the  luoga, 
into  a  number  of  smaller  and  smaller  branches,  which  penetrate 
inte  every  part  of  the  organ,  until  at  length  they  end  in  the  smaller 
Bub-di vision 9  of  the  lungs,  called  lobideg. 

All  the  larger  branches  still  have  walls  formed  of  teugh  mem- 
brane, containing  portions  of  cartilaginous  rings,  by  which  they  are 
held  open,  and  unstriped  muscular  fibres,  as  well  as  longitudinal 


'  Fig.  132.  Tninarersa  section  of  a  bronchus,  about  \  inch  in  ditmetsr. 
e.  Epithelium  (cilintwl) ;  immediately  beneath  it  ia  the  mucooa  membnne  or 
internal  fibrona  layer,  ot  varying  thickneaa  ;  m,  museaUr  layer  ;  1  m,  fibtons 
tume ;  /,  fibrous  tUauc  ;  c,  cartilage  enclosed  within  the  layers  of  fibrooi 
tissae  ;  ff,  mucoat  gland  (F.  G.  SchuIzeV 
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bundles  of  elastic  tissue.  They  tire  lined  by  mucous  membnme; 
the  surface  of  which,  like  that  of  the  laiynz  and  trachea,  is  covered 
with  vibmtile  ciliary  epithelium  (fig.  134).  The  mucous  membrane 
ia  abundantly  provided  with  mucoiis  glands. 

As  the  bronchi  become  smaller  and  smaller,  and  their  walls 
thinner,  the  cartilaginous  rings  become  scarcer  and  more  iiregular, 
until,  in  the  smaller  bronchial  tubes,  they  ore  represented  only  by 
minute  and  scattered  cartilaginous  Sakea.  And  when  the  bronchi, 
by  successive  branches,  arc  reduced  to  about  ^^^  of  an  inch  iu 


ter,  they  lose  their  cartilaginous  element  altogether,  and 
their  walla  are  formed  only  of  a  tough  fibrous  elastic  membrane, 
with  circular  muscular  fibres  they  are  still  Imed  however,  by  a 
thin  mucous  membrane,  with  ciliated  epithelium,  the  length  of  the 
cells  bearing  the  cilia  having  become  bo  far  diminished,  that  the 
cells  are  now  almost  cubical.     In  the  smaller  bronchi  the  circular 


*  Fig.  133.  A  dii^jmniuiitic  reprewQtatiau  of  the  heart  and  great  vcsaelB 
in  cotUMCtion  with  the  lunga — i-  The  peTicartUnin  haa  been  removed,  and 
tha  limp  m  tamtd  «>ide.  t,  right  Biuicle  ;  2,  vena  cava  superior  ;  3,  vena 
eav>  infinior ;  4,  right  ventricle  ;  5,  stem  of  the  pulmonary  arteiy  -,  a  a,  its 
ij^t  and  left  bnuchea  ;  6,  lell  anricular  appendage  1  7,  l«rt  ventricle ;  S, 
aorta ;  9,  lot  the  two  lobes  of  the  left  lung ;  ti.  13,  13,  tlie  three  lobes  of 
g ;  "•  right  and  left  bronchi ;  v  r,  right  ami  left  up^r  i[im\- 
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muscular  fibres  are  more  abundant  than  in  the  trachea  and  laiger 
bronchi,  and  form  a  distinct  circular  coat. 
Stmoture  of  I^bales  of  Iiong. — Each  lung  is  partiaUy  sub- 
divided into  separate  por- 
tions, called  lubei ;  the  right 
lung  into  three  lobes,  and 
the  left  into  two  (fig.  133). 
Each  of  these  lobes,  again, 
is  composed  of  a  large  num- 
ber of  minute  parts,  called 
lobuht.  Each  pulmonary 
lobule  may  be  considered  a 
lung  in  miniature,  consist- 
ing, as  it  does,  of  a  branch 
of  the  bronchial  tube,  of  air- 
cells,  bloodvessels,  nerves 
mid  lymphatics,  with  a  sparing  amount  of  areolar  tissue. 

On  entering  a  lobule,  the  small  bronchial  tube,  the  structure  of 

which  has  been  just  described 

Fig.  135. t  (a,  fig.  T35),  divides  and  sub* 

divides ;  its  walls,  at  the  same 

time,    becoming  thinner    and 

thinner,  until  at  length theyare 

formed  only  of  a,  thin  membrane 

,  of  areolar  and  elastic    tissue, 

lined  by  a  layer  of  iquamous 

epithelium,  not  provided  with 

cilia.     At  the  same  time,  they 

nre  altered  in  shape ;  each  of 

the  minute  terminal  branches 

widening  out  fnnnel-wise,  and  its  walla  being  pouched  out  irr^^- 

larly  into  small  saccular  dilatations,  called  air-cells  (fig.  135,  b). 


'  Fig.  134.  Ciliary  cpitheliuu  of  the  human  trachea  maguGedjp  diame- 
ters, a,  I^yer  of  longitudinally  arranged  elutic  Hbres ;  b,  baKmant  meni- 
brane ;  e,  deepeat  cells,  circular  in  form  ;  d,  intermedtBte  elongated  c«lls  ;  «, 
iiutermost  layiT  of  cellfl  fullj  developed  and  bearing  cilia  (KoUiker). 

t  Fig.  135.  Terminal  branch  of  a  brouchial  tabe,  witli  its  infundibnla  and 
'jur-cells,  from  the  margin  of  the  lung  of  a  monkey,  injected  vith  qaicksUver. 
a,   tenoianl  bmnrhial  twig ;  h  b,  infaodibula  and  air-ceUs.      k  to.     (F.  K. 
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Sacb  a  funnel-shaped  terminal  branch  of  the  bronchial  tube,  with 
its  group  of  pouchea  or  air-cells,  has  been  called  an  infundibvlum. 
(figs.  135,  136),  and  the  irregular  oblong  space  in  its  centre,  with 
which  the  air-cella  communicate,  an  intercellular  patiage. 

The  air-oella,  or  air-vesicles,  may  be  placed  singly,  like  recesses 
from  the  intercellular  passage,  but  more  often  thej  are  arranged 
in  groups  or  even  in  rows,  like  minute  sacculated  tubes  ;  so  that 
a  short  scries  of  vesicles,  all  communicating  with  one  another,  open 
by  a  common  orifice  into  the  tube.  The  vesicles  are  of  various 
forms,  according  to  the  mutual  pressure  to  which  they  are  subject ; 
their  walls  are  nearly  in  contact,  and  they  vary  from  -^^  to  -^g  of 
sn  inch  in  diameter.  Their  walls  are  formed  of  fine  membrane, 
similar  to  that  of  the  intercellular 
passages,    and    continuous   with  jr,^.  136.' 

it,  which  membrane  is  folded  on 
itself  so  as  to  form  a  sharp-edged 
border  at  each  circular  orifice  of 
commonication  between  contigu- 
ous air-vesicles,  or  between  the 
vesicleB  and  the  bronchial  passages. 
Knmerous  fibres  of  elastic  tissue 
are  spread  out  between  contiguous 
afr-cells,  and  many  of  these  are 
attached  to  the  outer  surface  of 
the  fine  membrane  of  which 
each  cell  is  composed,  importiug 
to  it  additional  strength,  and  the 
power  of  recoil  after  distension. 
The  cells   are  lined    by  a  layer 

of  iquammu  or  tetaelaUd  epithelium  (fig.  137),  not  provided 
with  cilia.  Outside  the  cells,  a  network  of  pulmonary  capillaries 
is  spread  out  so  densely  (fig.  138),  that  the  interspaces  or  meshes 
are  even  narrower  than  the  vessels,  which  are,  on  an  average, 
■j-Jg^'o{  an  inch  in  diameter.  Between  the  atmospheric  air  in  the 
cells  aod  the  blood  in  these  vessels,  nothing  intervenes  but  the 


*  Kg.  136.  Two  ntiall  iit/«ndibula  or  groupa  of  air-cells,  a  a,  with  air- 
1m,  i  b,  md  ths  nltinuto  bronchial  tubes,  e  e,  with  which  the  ur-cells 
From  •  new-bom  child  (KoUiker), 
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tbiu  walla  of  the  cells  and  capillaries';  and  the  eipoaure  of  the 
blood  to  the  air  is  the  more  complete,  because  the  folds  of  mem- 
brane between  contiguous  cells,  and  ofl^n  the  spaces  between  the 
walb  of  the  same,  contain  only  a  single  layer  of  capillaries,  both 
sides  of  which  are  thus  at  once  exposed  to  the  air. 

The  nir-vesicles  situated  nearest  to  the  centre  of  tiie  lung  are 


Fio-  m-' 


smaller  and  their  networks  of  capillaries  are  closer  than  those  nearer 
to  the  circumference.  The  vesicles  of  adjacent  lobules  do  not  com* 
mnnicate ;  and  Uiose  of  the  same  lobule,  or  proceeding  from  the 
same  intercellular  passage,  do  so  as  a  general  role  onlj  near 
angles  of  bifurcation ;  so  that,  when  any  bronchial  tube  is  closed 


*  Fig.  137.  From  b  section  of  Intlg  of  a  cat,  slniiicd  with  nitrate  of  nlrer. 
A.  D.  Alveolar  duct  or  inten^llular  passage.  S.  Alveolar  septa.  If.  AlT«di 
or  air-cella,  lined  with  large  flat,  nucleated  cells,  with  some  smaller  polyhedral 
nucleated  cells.  Circular  muscular  fibres  are  seen  nutonnding  the  interior  of 
the  alveolar  duct,  and  at  one  part  is  a:en  a  group  of  raaall  polyhedral  eeOa 
continned  from  Uib  broncbTis  (Klein  and  Noble  Scoith). 
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or  obstructed,  the  supply  of  air  i 
into  it  or  its  branches. 

Blood-iupply— The  lungs  receive  blood  from  two  source^ 
(a)  the  pulmonary  artery,  (b)  the  bronchial  arteries.  The  former 
conveys  vermis  blood  to  the  lungs  for  its  arteriaUtalum,  and  this 
blood  takes  no  share  in  the  nutrition  of  the  pulmonary  tiasnee 
through  vhich  it  passes,     {b)   The   branches  of  the  bronchial 


Fig.  138* 


arteries  ramify  for  nutrition's  sake  in  the  walls  of  the  bronchi,  of 
the  larger  pulmonary  yessels,  in  the  interlobular  connective  tissue, 
ite.;  the  blood  of  the  bronchial  vesaels  being  returned  partly 
through  tlie  bronchial  and  partly  through  the  pulmonary  veins. 

Iiymphatiot.— The  lung  is  abundantly  supplied  with  lym- 
phatics. 

Accoiding  to  the  reaeftrchea  ol  Dr.  Eldn,  the  IjinphaticB  are  airsnscd  m 
tbnewts-^ 

I.  Im^lar  lacmus  in  the  walls  ot  the  alveoli,  or  aiT-cella.  The  iTinphalic 
veMcls  which  lemd  from  these  accompany  the  polmonary  vessels  towai^  the 
root  of  the  long. 

3.  Im^nlar  aaaatonioaing  spaces  in  the  walls  of  the  bronchi. 

3.  LTmph-spacei  in  the  pnlmonar;  pleura.  The  lymphatic  vessels  from 
all  theae  inegnlar  sinnses  pass  in  towaids  the  root  of  the  long  to  reach  the 


ITerTM. — ^The  nerves  of  the  lung  are  to  be  traced  from  the 

*  Fig.  138.     Chpillaiy  ntt-work  of  the  ptilmoaary  blood-vesseU  in  the 
mnim  luBg  (KSUiker).     m  60. 
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anterior  and  posterior  pulmonary  plexuses,  which  are  formed  by 
branches  both  of  the  vagus  and  sympathetic.  The  nerves  follow 
the  course  of  the  vessels  and  bronchii.  and  in  the  walls  of  the  latter 
many  small  ganglia  are  situated. 

Meolianism  of  Respiration. — Kespiration  consists  of  the 
alternate  expansion  and  contraction  of  the  thorax,  by  means  of 
which  air  is  drawn  into  or  expelled  from  the  lungs.  These  acts 
are  called  Inspiration  and  Expiration  respectively. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that 
all  that  is  necessary  is  such  a  movement  of  the  side-walls 
or  floor  of  the  chest,  or  of  both,  that  the  capacity  of  the 
interior  shall  be  enlarged.  By  such  increase  of  capacity  there 
will  be  of  course  a  diminution  of  the  pressure  of  the  air  in 
the  lungs,  and  a  fresh  quantity  will  enter  through  the  larynx 
and  trachea  to  equalise  the  pressure  on  the  inside  and  outside 
of  the  chest  For  the  expiration  of  air,  on  the  other  hand, 
it  is  also  evident,  that»  by  an  opposite  movement  which 
shall  diminish  the  capacity  of  the  chest,  the  pressure  in  the 
interior  will  be  increased,  and  air  will  be  expelled,  until  the 
pressures  within  and  without  the  chest  are  ag^Lin  equaL  In 
both  cases  the  air  passes  through  the  trachea  and  larynx,  whether 
in  entering  or  leaving  the  lungs,  there  being  no  other  communi- 
cation with  the  exterior  of  the  body ;  and  the  lung,  for  the  same 
reason,  remains  under  all  the  circumstances  described,  closely  in 
contact  with  the  walls  and  floor  of  the  chest  To  speak  of 
expansion  of  the  chest,  is  to  speak  also  of  expansion  of  the  lung. 

We  have  now  to  consider  the  means  by  which  the  chest-cavity 
is  alternately  enlarged  and  contracted  for  the  entrance  and  ex- 
pulsion of  atmospheric  air ;  or,  in  technical  terms,  for  inspiration 
and  expiration. 

Bespiratory  Movements. 

Inspiration. — The  enlargement  of  the  chest  in  inspiration  is  a 
muscular  act ;  the  efibct  of  the  action  of  the  inspiratory  muscles 
being  an  increase  in  the  size  of  the  chest-cavity  (a)  in  the 
vertical,  and  (b)  in  the  lateral  and  antero-postcrior  diameters. 
The  muscles  engaged  in  ordinary  inspiration  are  the  diaphragm ; 
the  external  intercostals  ;  parts  of  the  internal  intercostals ;  the 
levatores  costarum,  and  serratus  posticus  superior. 
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(a.)  The  vertical  dt&meter  of  the  chest  is  increased  by  the 
contraction  and  consequent  descent  of  the  diaphragm, — the  sides 
of  the  moscle  descending  most,  and  the  central  tendon  remalDiug 
comparatively  unmoved  ;  while  the  intercostal  and  other  muscles, 
by  acting  at  the  same  time,  prevent  the  diaphragm,  during  its 
contraction,  from  drawing  in  the  sides  of  the  chest. 

(b.)  The  increase  in  the  lateral  and  ontero-poaterior  diameters 

of  the  cbeet  is  effected  by  the  raising  of  the  riba,  the  greater 

nnmber  of  which  are  attached  very  obliquely  to  the  spine  and 

sternum  (see  Figure  of  Skeleton  in  frontispiece). 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the 

Fi3.   139. 


>hJ»— the  hinder  ends  being  prevented  from  performing  any 
upward  movement  by  their  attachment  to  the  spine.  The  move- 
ment of  the  front  extnamties  of  the  ribs  is  of  necessity  accom- 
p»nied  by  an  upward  and  forward  movement  of  the  sternum  to 
wtich  they  are  attached,  the  movement  being  greater  at  the 
lower  than  at  the  upper  end  of  the  latter  bone. 

3%e  axfi  of  ntation  in  these  movements  are  two ;  one  corre- 
iponding  with  a  line  drawn  through  the  two  articulations  which  the 
rib  fonni  with  the  ■piiie(a  b,  fig.  139) ;  and  the  other,  with  a^ne 
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drawn  from  one  of  these  (head  of  rib)  to  the  8t6mum(AB,  fig.  139, 
and  fig.  140);  the  motion  of  the  rib  around  the  latter  axis  being 
somewhat  after  the  fashion  of  raising  the  handle  of  a  bucket. 

The  elevation  of  the  ribs  is  accompanied  by  a  slight  opening 
out  of  the  angle  which  the  bony  part  forms  with  its  cartilage 

Fig,  140. 


(fig.  140,  A) :  and  thus  an  additional  means  is  provided  for  in- 
creasing the  antero-posterior  diameter  of  the  chest. 

The  muscles  by  which  the  ribs  are  raised,  in  ordinary  quiet 
inspiration,  are  the  external  intercostals,  and  that  portion  of  the 
internal  intercostals  which  is  situate  between  the  costal  carti- 
lages j  and  these  are  assisted  by  the  levatores  costarum,  and  the 
serraius  posiicm  superior.  The  action  of  the  levatores  and  the 
serratus  is  very  simple.  Their  fibres,  arising  firom  the  spine  as  a 
fixed  point,  pass  obliquely  downwards  and  forwards  to  the  ribe, 
and  necessarily  raise  the  latter  when  they  contract.  The  action 
of  the  intercostal  muscles  is  nol  quite  so  simple,  inasmuch  as, 
passing  merely  from  rib  to  rib,  they  seem  at  first  sight  to  have  no 
fixed  point  towards  which  they  can  pull  the  bones  to  which  they 
are  attached. 

A  very  simple  apparatus  will  explain  this  apparent  anomaly  and  make 
their  action  plain.  Such  an  apparatus  is  shown  in  fig.  141.  A  B  is  an 
upright  bar,  representing  the  spine,  with  which  arc  jointed  two  parallel  ban, 
G  H  and  M  N,  which  represent  two  of  the  ribs,  and  are  connected  in  front 
by  moveable  joints  with  another  upright,  H  N,  representing  the  sternum. 

If  with  such  an  apparatus  elastic  bands  be  connected  in  imitation  of  the 
Intercostal  muscles,  it  will  -be  found  that  when  stretched  on  the  bars  afttf 
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ibe  fashion  of  tlie  externalintercoetal  fibres  (fig.  141,  C  D),  i^.  passiog  down- 
warda  and  forwards,  thej  raise  them  (fig.  141,  C  D')  ;  while,  on  the  other 
band,  if  placed  in  imitation  of  the  position  of  the  internal  intercostals 
i^,  142,  E  F),  i^,t  passing  downwards  and  backwards,  thej  depress  them 
<fig.  142,  B'  F^. 

The  explanation  of  the  forgoing  facts  is  very  simple.  The  intercostal 
mnacles  in  contracting,  merely  do  that  which  all  other  contracting  fibres  do, 
▼iz.,  bring  nearer  together  the  points  to  which  they  are  attached  ;  and  in 


Fig.  141.* 


Fig.  142.  t 


•V 


.N 


order  to  do  this,  the  ewtemal  intercostals  most  raise  the  ribs,  the  points  C 
and  D  (fig.  141)  being  nearer  to  each  other  when  the  parallel  bars  are  in  the 
position  of  the  dotted  lines.  The  limit  of  the  movement  in  the  apparatus  is 
reached  when  the  elastic  band  extends  at  right  angles  to  the  two  bars  which 
it  connects— the  points  of  attachment  C  and  1/  being  then  at  the  smallest 
possible  distance  one  from  the  other. 

The  internal  intercostals  (excepting  those  fibres  which  are  attached  to  the 
cartilages  of  the  ribs),  have  an  opposite  action  to  that  of  the  extemaL  In 
contracting  they  most  poll  down  the  ribs,  because  the  points  E  and  F 
<fig.  142)  can  only  be  brought  nearer  one  to  another  (fig.  142,  E'  F)  by  such 
an  alteration  in  their  position. 

On  account  of  the  oblique  position  of  the  cartilage*  of  the  ribs  with  refer- 
ence to  the  sternum  (see  Figure  of  Skeleton  in  frontispiece),  the  action  of 
the  inier-cartilaginoui  fibres  of  the  internal  intercostals  must,  of  course,  on 
the  foregoing  principles,  resemble  that  of  the  external  intercostals. 

In  tranquil  breathing,  the  expansive  moyements  of  the  lower 
part  of  the  chest  are  greater  than  those  of  the  upper.     In  forced 


*  Ilg.  141.    I>iagram  of  apparatus  showing  the  action  of  the  external  inter- 
costal mnsclffs. 
f  Fig.  142.    Ditto,  internal  intercostal  muscles. 
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inspiration,  on  tho  other  hand,  according  to  Dr.  A.  Rans6me,  the 
greatest  extent  of  moyement  appears  to  be  in  the  upper  antero- 
posterior diameter. 

Extraordinary  Inspiration. — In  extraordinary  or  forced  in- 
spiration, as  in  violent  exercise,  or  in  cases  in  which  there  is  some 
interference  with  the  duo  entrance  of  air  into  the  chest,  and  in 
which,  therefore,  strong  efforts  are  necessary,  other  muscles  than 
those  just  enumerated,  are  pressed  into  the  service.  It  is  very 
difficult  or  impossible  to  separate  by  a  hard  and  fast  line,  the  so- 
called  muscles  of  ordinary  from  those  of  extraordinary  inspiration  ; 
but  there  is  no  doubt  that  the  following  are  but  little  used  as 
retpiratory  agents,  except  in  cases  in  which  \musual  efforts  are 
required — the  scaleni  muscles,  the  stemomaatoid,  the  serratua  mag- 
nus,  the  pectoraleSj  and  the  trapezius. 

Types  of  Be8piration.^The  expansion  of  the  chest  in  inspi- 
ration presents  some  peculiarities  in  different  persons.  In  young 
children,  it  is  effected  chiefly  by  the  diaphragm,  which  being 
highly  arched  in  expiration,  becomes  flatter  as  it  contracts,  and, 
descending,  presses  on  the  abdominal  viscera,  and  pushes  forward 
the  front  walls  of  tho  abdomen.  The  movement  of  the  abdominal 
walls  being  here  more  manifest  than  that  of  any  other  part,  it  is 
usual  to  call  this  the  abdominal  type  of  respiration.  In  men, 
together  with  the  descent  of  the  diaphragm,  and  the  pushing 
forward  of  the  front  wall  of  the  abdomen,  the  chest  and  the 
sternum  are  subject  to  a  wide  movement  in  inspiration  (inferior 
costal  type).  In  women,  the  movement  appears  less  extensive  in 
the  lower,  and  more  so  in  the  upper,  part  of  the  chest  (superior 
costal  type).    (See  figs.  143,  144.) 

Expiration. — From  the  enlargement  produced  in  inspiration, 
the  chest  and  lungs  return  in  ordinary  tranquil  expiration,  by 
their  elasticity ;  tho  force  employed  by  the  inspiratory  muscles  in 
distending  the  chest  and  overcoming  the  elastic  resistance  of  the 
lungs  and  chest-walls,  being  returned  as  an  expiratory  effort  when 
the  muscles  are  relaxed.  This  elastic  recoil  of  the  limgs  is  suffi- 
cient, in  ordinary  quiet  breathing,  to  expel  air  ftx)m  the  chest  in 
the  intervals  of  inspiration,  and  no  muscular  power  is  required. 
In  all  voluntary  expiratory  efforts,  however,  as  in  speaking, 
singing,  blowing,  and  *  the  like,  and  in  many  involuntary  actions 
also,  as  sneeziug,  coughing,  etc.,  something  more  than  merely 
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passiye  elastio  power  is  necessary,  and  the  proper  expiratoiy 
muscles  are  brought  into  action.     By  far  the  chief  of  these 


Fuj.  143.  ♦ 


S 


Fig.  144.  t 
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are  the  abdominal  muscles,  which,  by  pressing  on  the  viscera 
of  the  abdomen,  push  up  the  floor  of  the  chest  formed  by  the 
diaphragm,  and  by  thus  malcing  pressure  on  the  lungs,  expel 
air  from  them  through  the  trachea  and  larynx.  All  muscles, 
however,  which  depress  the  ribs,  must  act  also  as  muscles  of 


*  Fig.  143  (after  Hntchiiuon).  The  changes  of  the  thoracic  and  abdominal 
walls  of  the  male  during  respiration.  The  back  is  supposed  to  be  fixed,  in 
order  to  throw  forward  the  respiratory  movement  as  much  as  possible.  The 
outer  black  continuous  Hne  in  front  represents  the  ordinary  breathing  move- 
ment: the  anterior  margin  of  it  being  the  boundary  of  inspiration,  the 
posterior  maigin  the  limit  of  expiration.  The  line  is  thicker  over  the  abdo- 
men, since  the  ordinary  respiratory  movement  is  chiefly  abdominal :  thin  over 
the  chest,  for  there  is  less  movement  over  that  region.  The  dotted  line 
indicates  the  movement  on  deep  inspiration,  during  which  the  sternum 
advances  while  the  abdomen  recedes. 

f  FSg.  144  (after  Hatchinson).  The  respiratory  movement  in  the  female. 
The  lines  indicate  the  same  changes  as  in  the  last  figure.  The  thickness 
of  the  continuous  line  over  the  sternum  shows  the  larger  extent  of  the 
ordinary  breathing  movement  over  that  region  in  the  female  than  in  the 
male. 

The  posterior  continnoas  line  represents  in  both  figures  the  limit  of  forced 
cxpixatioiL 
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expiration,  and  therefore  we  must  conclude  that  the  abdominal 
muscles  are  assisted  in  their  action  by  the  greater  part  of  the 
internal  inter-costals,  the  triangularis  atemi,  the  serrattis  posticus 
inferior ,  and  quadratus  lumborum.  When  by  the  efiforts  of  the 
expiratory  muscles,  the  chest  has  been  squeezed  to  less  than  its 
average  diameter,  it  again,  on  relaxation  of  the  muscles,  returns 
to  the  normal  dimensions  by  virtue  of  its  elasticity.  The  con- 
struction of  the  chest-walls,  therefore,  admirably  adapts  them  for 
recoiling  against  and  resisting  as  well  undue  contraction  as  undue 
dilatation. 

In  the  natural  condition  of  the  parts,  the  lungs  can  never  con- 
tract to  the  utmost,  but  are  always  more  or  less  "  on  the  stretch," 
being  kept  closely  in  contact  with  the  inner  surface  of  the  walls  of 
the  chest  by  atmospheric  pressure  (p.  215)  and  can  contract  away 
from  these  only  when,  by  some  means  or  other,  as  by  making  an 
opening  into  the  pleural  cavity,  or  by  the  effusion  of  fluid  there, 
the  pressure  on  the  exterior  and  interior  of  the  lungs  becomes 
equal  Thus,  under  ordinary  circumstances,  the  degree  of  con- 
traction or  dilatation  of  the  lungs  is  dependent  on  that  of  the 
boundary  walls  of  the  chest,  the  outer  siuface  of  the  one  being  in 
close  contact  with  the  inner  surfiace  of  the  other,  and  obliged  to 
follow  it  in  all  its  movements. 

Bespiratory  Bhytlim. — The  acts  of  expansion  and  contraction 

of  the  chest,  take  up,  under  ordinary  circumstances,  a  nearly  eqiial 

time.    The  act  of  inspiring  air,  however,  especially  in  women  and 

children,  is  a  little  shorter  than  that  of  expelHng  it,  and  there  is 

commonly  a  very  slight  pause  between  the  end  of  expiration  and 

the  beginning  of  the  next  inspiration.     The  respiratory  rhythm 

may  be  thus  expressed  : — 

Inspiration 6 

Expiration 7  or  8 

A  very  slight  pause. 

Bespiratory  Sounds. — If  the  ear  be  placed  in  contact  with 
the  wall  of  the  chest,  or  be  separated  from  it  only  by  a  good 
conductor  of  sound,  a  faipt  respiratory  murmvr  is  heard  during 
inspiration.  This  sound,  which  is  produced  by  the  friction  of  the 
air  as  it  streams  into  the  lungs,  against  the  inner  surface  of  the 
bronchial  tubes  and  air-cells,  varies  somewhat  in  different  parts-^ 
being  loudest  or  coarsest  in  the  neighbourhood  of  the  trachea  and 
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large  bronchi,  and  fading  off  into  a  faint  sighing  as  the  ear  is 
placed  at  a  distance  from  those.  It  is  best  heard  in  children,  and 
in  them  a  faint  murmur  is  heard  in  expiration  also. 

Bespiratory  Movements  of  the  Glottis. — During  the  action 
of  the  muscles  which  directly  draw  air  into  the  chest,  those  which 
guard  the  opening  through  which  it  enters  are  not  passive.  In 
hurried  breathing  the  instinctive  dilatation  of  the  nostrils  is  well 
seen,  although  under  ordinary  conditions  it  may  not  be  noticeable. 
The  opening  at  the  upper  part  of  the  larynx,  however,  or  rima 
gMtidis  (fig.  i45)>  is  dilated  at  each  inspiration,  for  the  more 
ready  passage  of  air,  and  collapses  somewhat  at  each  expiration ; 
its  condition,  therefore,  corresponding  during  respiration  with  that 
of  the  walls  of  the  chest.  There  is  a  further  likeness  between  the 
two  acts  in  that,  imder  ordinary  circumstances,  the  dilatation  of 
the  rima  glottidis  is  a  muscular  act,  and  its  contraction  chiefly  an 
elastic  recoil ;  although,  imder  various  conditions,  to  be  hereafter 
mentioned,  there  may  be,  in  the  contraction  of  the  glottis,  con- 
siderable muscular  power  exercised. 

The  movements  of  the  glottis  are  regulated  by  the  laryngeal 
branches  of  the  vagus,  of  which  the  superior  is  the  afferent 
(sensory)  nerve,  and  the  inferior  or  recurrent  nerve  the  efferent 
(motor)  nerve.  The  superior  laryngeal  nerve  appears  to  be  one 
channel  through  which  the  general  respiratory  movements  are 
slackened.  When  it  is  cut  across,  and  the  proximal  end  stimulated, 
the  inspirations  are  diminished  in  frequency,  while  if  the  stimulus 
be  increased,  the  diaphragm  stands  still,  and  the  expiratory  muscles 
are  thrown  into  activity  (Rosenthal). 

Quantity  of  Air  Bespired. — ^The  quantity  of  air  which  is 
habitually  and  almost  uniformly  changed  in  each  act  of  breathing, 
and  which  in  a  healthy  adult  man  is  about  thirty  cubic  inches,  is 
called  breathing  or  tidal  air.  The  quantity  over  and  above  this 
which  can  be  drawn  into  the  ]ungs  in  the  deepest  inspiration,  is 
called  complemented  air:  its  amount  is  various,  as  will  be  presently 
shown.  After  ordinary  expiration,  such  as  that  which  expels  the 
breathing  or  tidal  air,  a  certain  quantity  of  air  remains  in  the 
lungs,  which  may  be  expelled  by  a  forcible  and  deeper  expiration : 
this  is  termed  reserve  air.  But,  even  after  the  most  violent  ex- 
piratory effort,  the  limgs  are  not  completely  emptied ;  a  certain 
quantity  always  remains  in  them,  over  which  there  is  no  voluntary 
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control,  and  which  may  be  called  residual  air.  Its  amount  depends 
in  great  measure  on  the  absolute  size  of  the  chest,  but  may  be 
estimated  at  about  a  hundred  cubic  inches  (Hutchinson). 

The  total  quantity  of  air  which  passes  into  and  out  of  the  lungs 
of  an  adult,  at  rest,  in  24  hours,  is  about  686,000  cubic  inches 
(E.  Smith).  This  quantity,  however,  is  largely  increased  by  exer- 
tion; and  the  same  observer  has  computed  the  average  amount  for  a 
hard-working  labourer  in  the  same  time,  at  1,568,390  cubic  inches. 

Respiratory  Capacity.— The  greatest  respiratory  capacity  of 
the  chest  is  indicated  by  the  quantity  of  air  which  a  person  can 
expel  from  his  lungs  by  a  forcible  expiration  after  the  deepest 
inspiration  that  he  can  make ;  it  expresses  the  power  which  a 
person  has  of  breathing  in  the  emei^encies  of  active  exercise, 
violence,  and  disease. 

The  retpiratory  capacity,  or  as  Mr.  Hutchinson  called  it,  vital  capacitj,  is 
ogoallj  measured  by  a  modified  gasometer  (ipirometer  of  Hutchinson),  into 
which  the  experimenter  breathes, — making  the  most  prolonged  expiration 
possible  after  the  deepest  possible  inspiration.  The  quantity  of  air  which  is 
thus  expelled  from  the  lungs  is  indicated  by  the  height  to  which  the  air 
chamber  of  the  spirometer  rises ;  and  by  means  of  a  scale  placed  in  con* 
nection  with  this,  the  number  of  cubic  inches  is  read  off. 

In  healthy  men,  the  respiratory  capacity  varies  chiefly  with  the 
stature,  weight,  and  age. 

It  was  found  by  Mr.  Hutchinson,  from  whom  most  of  our  infor- 
mation on  this  subject  is  derived,  that  at  a  temperature  of  60°  F., 
225  cubic  inches  is  the  average  vital  or  respiratory  capacity  of  a 
healthy  person,  five  feet  seven  inches  in  height. 

For  every  inch  of  height  above  this  standard  the  capacity  is  increased,  on 
an  average,  by  eight  cubic  inches  ;  and  for  every  inch  below,  it  is  diminished 
by  the  same  amount. 

The  influence  of  weight  on  the  capacity  of  respiration  is  less  manifest  and 
considerable  than  that  of  height :  and  it  is  difficult  to  arrive  at  any  definite 
conclusions  on  this  point,  because  the  natural  average  weight  of  a  healthy 
man  in  relation  to  stature  has  not  yet  been  determined.  As  a  general  state- 
ment, however,  it  may  be  said  that  the  capacity  of  respiration  is  not  affected 
by  weights  under  161  pounds,  or  iij  stones  ;  but  that,  above  this  point,  it 
is  diminished  at  the  rate  of  one  cubic  inch  for  every  additional  pound  up  to 
196  pounds,  or  14  stones. 

By  age^  the  capacity  appears  to  be  increased  from  about  the  fifteenth  to 
the  thirty-fifth  year,  at  the  rate  of  five  cubic  inches  per  year  ;  from  thirty- 
five  to  sixty-five  it  diminishes  at  the  rate  of  about  one  and  a-half  culnc  inch 
per  year  ;  so  that  the  capacity  of  respiration  of  a  man  of  sixty  years  old 
would  be  about  30  cubic  inches  less  than  that  of  a  man  forty  years  old,  of  the 
same  height  and  weight. 
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Number  of  Bespirations,  and  Belation  to  the  PolBe*— 
The  nutkber  of  respirations  in  a  healthy  adult  person  usually  ranges 
from  fourteen  to  eighteen  per  minute.  It  is  greater  in  infancy  and 
childhood.  It  varies  also  much  according  to  different  circum- 
stances^  such  as  exercise  or  rest,  health  or  disease^  etc.  Variations 
in  the  number  of  respirations  correspond  ordinarily  with  similar 
variations  in  the  pulsations  of  the  heart.  In  health  the  propor- 
tion is  about  I  to  4,  or  i  to  5,  and  when  the  rapidity  of  the  heart's 
action  is  increased,  that  of  the  chest  movement  is  commonly  in« 
creased  also ;  but  not  in  every  case  in  equal  proportion.  It  happens 
occasionally  in  disease,  especially  of  the  lungs  or  air-passages,  that 
the  number  of  respiratory  acts  increases  in  quicker  proportion 
than  the  beats  of  the  puUe  ;  and,  in  other  affections,  much  more 
commonly,  that  the  number  of  the  pulses  is  greater  in  proportion 
than  that  of  the  respirations. 

There  can  be  no  doubt  that  the  number  of  respirations  of  any  given  animal 
is  largely  affected  by  its  size.  Thus,  comparing  animals  of  the  same  kind,  in 
a  tiger  (lying  quietly)  the  number  of  respirations  was  20  per  minutCf  while 
in  a  small  leopard  (lying  quietly)  the  number  was  30.  In  a  small  monk^, 
40  per  minute  ;  in  a  laige  baboon,  20. 

The  rapid,  panting  respiration  of  mice,  even  when  quite  still,  is  familiar, 
and  contrasts  strongly  with  the  slow  breathing  of  a  large  animal  such  as  the 
elephant  (eight  or  nine  times  per  minute).  These  facts  may  be  explained 
as  follows  : — ^The  heat-producing  power  of  any  given  animal  depends  largely 
on  its  bulk,  while  its  loss  of  heat  depends  to  a  great  extent  upon  the  surface 
area  of  its  body.  If  of  two  animals  of  similar  shape,  one  be  ten  times  as 
long  as  the  other,  the  area  of  the  large  animal  (representing  its  loss  of  heat) 
is  100  times  that  of  the  small  one,  while  its  bulk  (representing  production 
of  heat)  is  1000  times  as  great.  Thus,  in  order  to  balance  its  much  greater 
relative  loss  of  heat,  the  smaller  animal  must  have  all  its  vital  functions, 
circulation,  respiration,  &c.,  carried  on  much  more  rapidly « 

Foroe  of  Inspiratory  and  Expiratory  Muscles. — Accord- 
ing to  Mr.  Hutchinson,  the  force  with  which  the  inspiratory 
muscles  are  capable  of  acting,  is  greatest  in  individuals  of  the 
height  of  fcouL  five  feet  seven  inches  tx>  five  feet  eight  inches,  and 
will  elevate  a  column  of  three  inches  of  mercury.  Above  this 
height,  the  force  decreases  as  the  stature  increases ;  so  that  the 
average  of  men  of  six  feet  can  elevate  only  about  two  and  a  half 
inches  of  mercury.  The  force  manifested  in  the  strongest  expira- 
tory acts  iSy  on  the  average,  one-third  greater  than  that  exercised 
in  inspiration.  But  this  difference  is  in  great  measure  due  to 
the  power  exerted  by  the  elastic  reaction  of  the  walls  of  tVie 
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chest;  and  it  is  also  inuoli  influenced  by  the  disproportionate 
strength  which  the  expiratory  muscles  attain,  from  their  being 
called  into  use  for  other  purposes  than  that  of  simple  expiration. 
The  force  of  the  inspiratory  act  is,  therefore,  better  adapted 
than  that  of  the  expiratory  for  testing  the  muscular  strength  of 
the  body. 

The  following  Tabic  expresses  the  result  of  numerous  experiments  by 
Mr.  Hutchinson  on  this  subject,  the  instrument  used  to  gauge  the  inspiratory 
and  expiratory  power  being  a  mercurial  manometer,  to  which  was  attached 
A  tube  fitting  the  nostrils,  and  through  which  the  inspiratory  or  expiratory 
effort  was  made  : — 
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.  Weak    .... 

.    .  Ordinary  .        .        .    .  2*5 

.  Strong  ....  3*5 

.    .  Very  strong      .        .    .  4*5 

.  Kemarkable  .        .        •  5'S 

.    .  Very  remarkable      .    .  7*0 

.  Extraordinary      .        .  8*5 

.    .  A'eiy  extraordinary  .    .  io*o 

The  great  force  of  the  inspiratory  efforts  during  apnoea  was  well  shown  in 
some  of  the  experiments  performed  by  the  Mcdico-Chirurgical  Society's 
Committee  on  Suspended  Animation.  On  inserting  a  glass  tube  into  the 
trachea  of  a  dog,  and  immersing  the  other  end  of  the  tube  in  a  vessel  of 
mercury,  the  respiratory  efforts  during  apnoea  were  so  g^at  as  to  dr^w  the 
mercury  four  inches  up  the  tube.  The  influence  of  the  same  force  was 
shown  in  other  experiments,  in  which  the  heads  of  animals  were  immersed 
both  in  mercury  and  in  liquid  plaster  of  Paris.  In  both  cases  the  material 
was  found,  after  death,  to  have  been  drawn  up  into  all  the  bronchial  tubes, 
filling  the  tissue  of  the  lungs. 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is 
employed  in  overcoming  the  resistance  offered  by  the  elasticity  of 
the  walls  of  the  chest  and  of  the  lungs. 

Mr.  Hutchinson  estimated  the  amount  of  this  elastic  resistance,  by  observ* 
Ing  the  elcYation  of  a  column  of  mercury  raised  by  the  return  of  air  forced, 
after  death,  into  the  lungs,  in  quantity  equal  to  the  known  capacity  of 
respiration  during  life;  and  he  calculated,  according  to  the  wdl-known 
hydrostatic  law  of  equality  of  pressures  (as  shoTVTiin  the  Bramah  press),  that 
the  total  force  to  be  overcome  by  the  muscles  in  the  act  of  inspiring  200 
cubic  inches  of  air  is  more  than  450  lbs. 

The  elastic  force  overcome  in  ordinary  inspiration  is,  according  to  Hutch- 
inson, equal  to  about  170  lbs. 

Dr,  Douglas  Powell  has  recently  shown  that  within  the  limits 
of  ordinary  tranquil  respiration,  the  elastic  resilience  of  the  walls 
of  the  chest  favours  inspiration;  and  that  it  is  only  in  deep 
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inspiration  that  the  ribs  and  rib-cartilages  offer  an  opposing 
force  to  their  dilatation.  In  other  words,  the  elastic  resilience 
of  the  lungs,  at  the  end  of  an  act  of  ordinary  breathing,  has 
drawn  the  chest-walls  within  the  limits  of  their  normal  degree 
of  expansion. 

Under  all  circr^nstances,  of  course,  the  elastic  tissue  of  the  lungs 
opposes  inspiration,  and  favours  expiration. 

Functions  of  Musoular  Tissue  of  Lungs. — It  is  possible, 
as  Dr.  R.  Hall  maintained,  that  the  contractile  power  which  the 
bronchial  tubes  and  air-vesicles  possess,  by  means  of  their  muscular 
fibres  may  (i)  assist  in  expiration  ;  but  it  is  more  likely  that  its 
chief  purpose  is  (2)  to  regulate  and  adapt,  in  some  measure,  the 
quantity  of  air  admitted  to  the  lungs,  and  to  each  part  of  them, 
according  to  the  supply  of  blood. 

Another  purpose  served  by  the  muscular  fibres  of  the  bronchial 
tubes  is  (3)  that  of  contracting  upon  and  gradually  expelling  col- 
lections of  mucus,  which  may  have  accumvdated  within  the  tubes, 
and  cannot  be  ejected  by  forced  expiratory  efforts,  owing  to  col- 
lapse or  other  morbid  conditions  of  the  portion  of  lung  connected 
with  the  obstructed  tubes  (Gairdner). 

The  muscular  action  in  the  lungs,  morbidly  excited,  is  probably 
the  chief  cause  of  the  phenomena  of  spasmodic  asthma.  It  may 
bo  demonstrated  by  galvanising  the  lungs  shortly  after  taking 
them  from  the  body.  Under  such  a  stimulus,  they  contract  so 
as  to  lift  up  water  placed  in  a  tube  introduced  into  the  trachea 
(C.  J.  B.  Williams) ;  and  Volkmann  has  shown  that  they  may  be 
made  to  contract  by  stimulating  their  nerves.  He  tied  a  glass 
tube,  drawn  fine  at  one  end,  into  the  trachea  of  a  beheaded  animal ; 
and  when  the  small  end  was  turned  to  the  flame  of  a  candle,  he 
galvanised  the  pneumogastric  trunk.  Each  time  he  did  so  the 
flame  was  blown,  and  once  it  was  blown  out. 

DiflVxsion  of  Gases.^— The  changes  of  the  air  in  the  lungs 
affected  by  the  respiratoiy  movements  are  assisted  by  the  various 
conditions  of  the  air  itself.  According  to  the  law  observed  iu  the 
diffusion  of  gases,  the  carbonic  acid  evolved  in  the  air-cells  will, 
independently  of  any  respiratory  movement,  tend  to  leave  the 
lungs,  by  diffusing  itself  into  the  external  air,  where  it  exists  in 
less  proportion ;  and  according  to  the  same  law,  the  oxygen  of  the 
atmospheric  air  will  tend  of  itself  towards  the  air-cells  in  wl\\c\i 
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its  proportion  is  less  than  it  is  in  the  air  in  the  bronchial  tubes  or 
in  that  external  to  the  body.  But  for  this  tendency  in  the  oxygen 
and  carbonic  acid  to  mix  uniformly,  within  and  without  the  lungs, 
the  reserve  and  residual  air  would  be  very  ii^iuiously  charged 
with  carbonic  acid ;  for  the  respiratory  movements  alone  are  not 
enough  to  empty  the  air-cells ;  and  they,  perhaps,  expel  only  the 
air  which  lies  in  the  laiger  bronchial  tubes.  The  change  is  also 
assisted  by  the  different  temperature  of  the  air  within  and  without 
the  lungs ;  and  by  the  action  of  the  cilia  on  the  mucous  membrane 
of  the  bronchial  tubes,  the  continual  vibrations  of  which  may 
serve  to  prevent  the  adhesion  of  the  air  to  the  moist  surface  of  the 
membrane. 

Daily  Work  of  the  Bespiratory  Muscles. — ^According  to 
Dr.  Haughton  the  work  done  by  the  respiratory  muscles  in  24 
hours  amounts  to  21  foot-tons. 

Circulation  of  Blood  in  the  Bespiratory  Organs. — ^To  be 
exposed  to  the  air  thus  alternately  moved  into  and  out  of  the  air- 
cells  and  minute  bronchial  tubes,  the  blood  is  propelled  from  the 
right  ventricle  through  the  pulmonary  capillaries  in  steady  streams, 
and  slowly  enough  to  permit  every  minute  portion  of  it  to  be  for 
a  few  seconds  exposed  to  the  air,  with  only  the  thin  walls  of  the 
capillary  vessels  and  air-cells  intervening.  The  pulmonary  circu- 
lation is  of  the  simplest  kind :  for  the  pulm,onary  artery  branches 
regularly ;  its  successive  branches  run  in  straight  lines,  and  do 
not  anastomose  :  the  capillary  plexus  is  uniformly  spread  over  the 
air-cells  and  intercellular  passages ;  and  the  veins  derived  from  it 
proceed  in  a  coiu^e  as  simple  and  uniform  as  that  of  the  arteries, 
their  branches  converging  but  not  anastomosing.  The  veins  have 
no  valves,  or  only  small  imperfect  ones  prolonged  from  their 
angles  of  junction,  and  incapable  of  closing  the  orifice  of  either  of 
the  veins  between  which  they  are  placed.  The  jpulmonary  circu- 
lation also  is  unaffected  by  changes  of  atmospheric  pressure,  and 
is  not  exposed  to  the  influence  of  the  pressure  of  muscles :  th» 
force  by  which  it  is  accomplished,  and  the  course  of  the  blood  are 
alike  simple. 

Covqmsition  of  the  Atmoftphere, — The  atnufsphcre  we  breathe  has,  in  every 

situation  in  which  it  has  been  examined  in  its  natural  state,  a  nearly  uniform 

composition.    It  is  a  mixture  of  oxygen,  nitrogen,  carbonic  acid,  and  watery 

vapour,  with,  commonly,  traces  of  other  gases,  as  ammonia,  solphorctted 

hydrogen,  Sec,    Of  every  100  volumes  of  pure  atmospheric  air,  79  volnmei 
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(on  an  ayerage)  consist  of  nitrogen,  the  remaining  21  of  oxygen.  The 
proportion  of  carbonic  acid  is  extremely  small ;  10,000  Tolumes  of  atmos- 
pheric air  contain  only  about  4  or  5  of  carbonic  acid. 

The  quantity  of  watery  vapour  varies  greatly,  according  to  the  temperature 
and  other  circumstances, "but  the  atmosphere  is  never  without  some.  In  this 
ooimtiy,  the  average  quantity  of  watery  vapour  in  the  atmosphere  is  1*40  per 
cent. 

Changes  produced  in  Atmospnerio  Air  by  Bespiration. 

— The  chaoges  produced  by  respiration  in  the  atmospheric  air 

are,  i,  increased  temperature ;  2,  increased  quantity  of  carbonic 
acid ;  3,  diminished  quantity  of  oxygen ;  4,  increased  amount  of 
watery  vapour ;  5,  addition  of  a  minute  amount  of  organic  matter 
and  of  iree  ammonia. 

1.  The  expired  air,  heated  by  its  contact  with  the  interior  of 
the  lungs,  is  (at  least  in  most  climates)  hotter  than  the  inspired 
air.  Its  temperature  varies  between  97®  and  99 J°,  the  lower  tem- 
perature being  observed  when  the  air  has  remained  but  a  short 
time  in  the  lungs.  Whatever  may  be  the  temperature  of  the  air 
when  inhaled,  it  nearly  acquires  that  of  the  blood  before  it  is 
expelled  from  the  chest. 

2.  The  carbonic  acid  in  respired  air  is  always  increased ;  but 
the  quantity  exhaled  in  a  given  time  is  subject  to  change  from 
various  circumstances.    From  every  volume  of  air  inspired,  about 
4^   per  cent,  of  oxygen  is  abstracted ;   while  a  rather  smaller 
quantity  of  carbonic  acid  is  added  in  its  place.     Under  ordinary 
circnmstances,  the  quantity  of  carbonic  acid  exhaled  into  the  air 
breathed  by  a  healthy  adult  man  atnounts  to  1346  cubic  inches, 
OP  about  636  grains  per  hour.     (Valentin  and  Brunner.)     Ac- 
cording to  this  estimate,  the  weight   of  carbon   excreted  from 
tbe  lungs  is  about  173  grains  per  hour,  or  rather  more  than  8 
ounces   in  twenty-four  hours.      These  quantities  must  be  con- 
Bidered  approximate  only,  inasmuch  as  various  circumstances,  even 
in  health,  influence  the  amount  of  carbonic  acid  excreted,  and, 
correlatively,  the  amount  of  oxygen  absorbed.     The  following  are 
the   chief: — Age  and  sex.     Respiratory  movements.     External 
temperature.     Season  of  year.     Condition  of  respired  air.     Atmos* 
pheric  conditions.    Period  of  the  day.    Food  and  drink.    Exercise 
and  sleep. 

«.  Age  and  Sex, — ^According  to  Andral  and  Gavarrct  the  quantity  of  car* 
booic  acid  exhaled  into  the  air*  breathed  by  males,  regularly  increases  from 
eSg^t  to  thirty  years  of  age  ;  from  thirty  to  fifty  the  quantity  after  remodn* 
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ing  stationary  for  awhile,  gradually  diminishes ;  and  from  fifty  to  extreme 
age  it  goes  on  diminishing,  till  it  scarcely  exceeds  the  quantity  exhaled  at 
ten  years  old.  In  females  (in  whom  the  quantity  exhaled  is  always  less  than 
in  males  of  the  same  age)  the  same  regular  increase  in  quantity  goes  on  from 
the  eighth  year  to  the  age  of  puberty,  when  the  quantity  abruptly  ceases  to 
increase,  and  remains  stationary  so  long  as  they  continue  to  menstruate. 
When  menstruation  has  ceased,  it  soon  decreases  at  the  same  rate  that  it 
does  in  old  men. 

h.  Respiratory  Movements. — According  to  Vierordt,  the  more  quickly  the 
moYcments  of  respiration  are  performed,  the  smaller  is  the  proportionate 
quantity  of  carbonic  acid  contained  in  each  volume  of  the  expired  air. 
Although,  however,  the  proportionate  quantity  of  carbonic  acid  is  thus 
diminish^  during  frequent  respiration,  yet  the  absolute  amount  exhaled 
into  the  air  within  a  given  time  is  increased  thereby,  owing  to  the  larger 
quantity  of  air  which  is  breathed  in  the  time.  The  last  half  of  a  volume  of 
expired  air  contains  more  carbonic  acid  than  the  half  first  expired  ;  a  cir- 
cumstance which  is  explained  by  the  one  portion  of  air  coming  from  the 
remote  part  of  the  lungs,  where  it  has  been  in  more  immediate  ftnd  pro- 
longed  contact  with  the  blood  than  the  other  has^  which  comes  chiefly  from 
the  larger  bronchial  tubes. 

e.  External  Temperature, — ^The  observations  made  by  Vierordt  at  various 
temperatures  between  38**  F.  and  75°  F.  show,  for  warm-blooded  animals, 
that  within  this  range,  every  rise  equal  to  lo**  F.  causes  a  diminution  of 
about  two  cubic  inches  in  the  quantity  of  carbonic  acid  exhaled  per  minute. 

d.  Season  of  the  Year, — ^The  season  of  the  year,  independently  of  tempe- 
rature, materially  influences  the  respiratory  phenomena ;  spring  being  the 
season  of  the  greatest,  and  autumn  of  the  least  activity  of  the  respiratoiy 
and  other  functions.    (Edward  Smith.) 

e.  Purity  of  t?ie  Respired  Air. — The  average  quantity  of  carbonic  add 
given  out  by  the  lungs  constitutes  about  4*48  per  cent,  of  the  expired  air  ; 
but  if  the  air  which  is  breathed  be  previously  impregnated  with  carbonic 
acid  (as  is  the  case  when  the  same  air  is  frequently  respired),  then  the 
quantity  of  carbonic  acid  exhaled  becomes  much  less. 

f.  Hygrometric  State  of  Atmvsphere, — The  amount  of  carbonic  acid  ex- 
haled is  considerably  influenced  by  the  degree  of  moisture  of  the  atmosphere, 
much  more  being  given  off  when  the  air  is  moist  than  when  it  is  dry. 
^Lehmann.) 

g.  Period  of  tJie  Day. — During  the  day-time  more  carbonic  acid  is  exhaled 
than  corresponds  to  the  oxygen  absorbed ;  while,  on  the  other  hand,  at 
night  very  much  more  oxygen  is  absorbed  than  is  exhaled  in  carbonic  acid. 
There  is,  thus,  a  reserve  fund  of  oxygen  absorbed  by  night,  to  meet  the 
requirements  of  the  day. 

If  the  total  quantity  of  carbonic  acid  exhaled  in  24  hours  be  represented 
by  100,  52  parts  are  exhaled  during  the  day  and  48  at  night.  While, 
similarly,  33  parts  of  the  oxygen  are  absorbed  during  the  day,  and  the 
remaining  67  by  night.    (Pettenkofer  and  Voit.) 

h,  Ihod  and  Drink. — By  the  use  of  food  the  quantity  is  increased,  whilst 
by  fasting  it  is  diminished  :  and,  according  to  Regnault  and  Beiset^  it  is 
greater  when  animals  are  fed  on  farinaceous  food  than  when  fed  on  meat. 
Dr.  Edward  Smith  found  that  the  effects  produced  by  spirituous  drinks 
depend  much  on  the  kind  of  drink  taken.  Pure  alcohol  tended  rather  to 
increase  than  to  lessen  respiratory  changes,  and  the  amount  therefore  d 
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carbonic  acid  expired ;  mm,  ale,  and  porter,  also  sherry,  had  very  similar 
effects.  On  the  other  hand,  brandy,  whisky,  and  gin,  particularly  the  latter, 
almost  always  lessened  the  respiratory  changes,  and  consequently  the  amount 
of  carbonic  acid  exhaled. 

i.  ExercUe, — Bodily  exercise,  in  moderation,  increases  the  quantity  to 
•boot  one-third  more  than  it  is  during  rest :  and  for  about  an  hour  after 
exercise,  the  Tolume  of  the  air  expired  in  the  minute  is  increased  about  118 
cnbic  inches  :  and  the  quantity  of  carbonic  acid  about  7-8  cubic  inches  per 
minute.  Violent  exercise,  such  as  full  labour  on  the  tread  wheel,  still  furthei 
increases  the  amount  of  the  acid  exhaled.    (Edward  Smith.) 

A  larger  quantity  is  exhaled  when  the  barometer  is  low  than  when  it  is 
liigb. 

3.  The  Oxygen  in  Respired  Air  is  always  less  than  in  the  same 
air  before  respiration,  and  its  diminution  is  generally  proportionate 
to  the  increase  of  the  carbonic  acid. 

For  every  volume  of  carbonic  acid  exhaled  into  the  air,  1*17421 
volumes  of  oxygen  are  absorbed  from  it :  and  when  the  average 
quantity  of  carbonic  acid,  ue,,  1346  cubic  inches,  or  636  grains,  is 
exhaled  in  the  hour,  the  quantity  of  oxygen  absorbed  in  the  same 
time  is  15^  cubic  inches  or  542  grains  (Valentin  and  Brunner). 
According  to  this  estimate,  there  is  more  oxygen  absorbed  than  is 
exhaled  with  carbon  to  form  carbonic  acid  without  change  of 
volume ;  and  to  this  general  conclusion,  namely,  that  the  volume 
of  air  expired  in  a  given  time  is  less  than  that  of  the  air  inspired 
(allowance  being  made  for  the  expansion  in  being  heated),  and 
that  the  loss  is  due  to  a  portion  of  oxygen  absorbed  and  not 
returned  in  the  exhaled  carbonic  acid,  all  observers  agree,  though 
as  to  the  actual  quantity  of  oxygen  so  absorbed,  they  differ  even 
widely. 

The  quantity  of  oxygen  that  does  not  combine  with  the  carbon  given  off 
in  carbonic  acid  from  the  lungs,  is  probably  disposed  of  in  forming  some  of 
the  carbonic  acid  and  water  given  off  from  the  skin,  and  in  combining  with 
salphnr  and  phosphorus  to  form  part  of  the  acids  of  the  sulphates  and 
phosphates  excreted  in  the  urine,  and  probably  also,  from  the  experiments 
of  Dt,  Bence  Jones,  with  the  nitrogen  of  the  decomposing  nitroG:enou8 


The  quantity  of  oxygen  in  the  atmosphere  surrounding  animals, 
appears  to  have  very  little  influence  on  the  amoimt  of  this  gas 
afasodbed  by  them,  for  the  quantity  consumed  is  not  greater  even 
thcfog^  an  excess  of  oxygen  be  added  to  the  atmosphere  experi- 
mented with  (Regnault  and  Reiset). 

It  has  been  often  discussed  whether  Nitrogen  is  absorbed  by  ot 
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exhaled  from  the  hmgs  during  respiration.  At  present,  all  that 
can  bo  said  on  the  subject  is  that,  under  most  circumstances, 
animals  appear  to  expire  a  very  small  quantity  above  that  which 
exists  in  the  inspired  air.  During  prolonged  fasting,  on  the 
contraiy,  a  small  quantity  appears  to  be  absorbed. 

4.  Watery  Vapour  is,  under  ordinary  circumstances,  always  ex- 
haled from  the  lungs  in  breathing.  The  quantity  emitted  is,  ns 
a  general  rule,  sufficient  to  saturate  the  expired  air,  or  very 
nearly  so.  Its  absolute  amount  is,  therefore,  influenced  by  the 
following  circumstances,  (i),  by  the  quantity  of  air  respired;  for 
the  greater  this  is,  the  greater  also  will  be  the  quantity  of  mois- 
ture exhaled ;  (2),  by  the  quantity  of  watery  vapour  contained 
in  the  air  previous  to  its  being  inspired  ;  because  the  greater  this 
is,  the  less  will  be  the  amount  required  to  complete  the  saturation 
of  the  air ;  (3),  by  the  temperature  of  the  expired  air ;  for  the 
higher  this  is,  the  greater  will  be  the  quantity  of  watery  vapour 
required  to  saturate  the  air ;  (4),  by  the  length  of  time  which 
each  volume  of  inspired  air  is  allowed  to  remain  in  the  lungs ;  for 
although,  during  ordinary  respiration,  the  expired  air  is  always 
satiutitcd  with  watery  vapour,  yet  when  respiration  is  performed 
very  rapidly  the  air  has  scarcely  time  to  be  raised  to  the  highest 
temperature,  or  be  fully  charged  with  rnoisturc  ere  it  is  expelled. 

The  quantity  of  water  exhaled  from  the  lungs  in  twenty-four 
hours  ranges  (according  to  the  various  modifying  circumstances 
already  mentioned)  from  about  6  to  27  ounces,  the  ordinary 
quantity  being  about  9  or  10  ounces.  Some  of  this  is  probably 
formed  by  the  combination  of  the  excess  of  oxygen  absorbed  in 
the  lungs  with  the  hydrogen  of  the  blood  ;  but  the  far  lai^er  pro- 
portion of  it  is  water  which  has  been  absorbed,  as  such,  into  the 
blood  from  the  alimentary  canal,  and  which  is  exhaled  from  the 
surfaces  of  the  air-passages  and  cells,  as  it  is  from  the  fr*ee  surfaces 
of  all  moist  animal  membranes,  particularly  at  the  high  temperature 
of  warm-blooded  animals. 

5.  The  Rev.  J.  B.  Keade  showed,  some  years  ago,  and  Dr.  Richard- 
son's experiments  confirm  the  fact,  that  ammonia  is  among  the 
ordinary  constituents  of  expired  air.  It  seems  probable,  however, 
both  from  the  fact  that  this  substance  cannot  be  always  detected, 
and  from  its  minute  amount  when  present,  that  the  whole  of  it  may 
be  derived  from  decomposing  particles  of  food  left  in  the  mouth,  or 
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from  carious  teeth  or  the  like ;  and  that  it  is,  therefore,  only  an 
accidental  constituent  of  expired  air. 

The  quantity  of  organic  matter  in  the  breath  has  been  inves- 
tigated by  Dr.  A.  Ransome,  who  calculates  that  about  3  grains  are 
^ven  off  from  the  lungs  of  an  adult  in  about  twenty-four  hours. 

The  following  represents  the  kind  of  experiment  by  which  the  foregoing 
tacts  regarding  the  excretion  of  carbonic  acid,  water,  and  organic  matter, 
haye  been  established. 

A  bird  or  mouse  is  placed  in  a  large  bottle,  through  the  stopper  of  which 
two  tubes  pass,  one  to  supply  fresh  air,  and  the  other  to  carry  off  that  which 
has  been  expired.  Before  entering  t^c  bottle,  the  air  is  made  to  bubble 
through  a  strong  solution  of  caustic  potash,  which  absorbs  the  carbonic  acid, 
jmd  then  through  lime-water,  which  by  remaining  limpid,  proves  the  absence 
of  carbonic  acid.  The  air  which  has  been  breathed  by  the  animal  is  made  to 
Irabble  through  lime-water,  which  at  once  becomes  turbid,  and  soon  quite 
milky  from  the  precipitation  of  calcium  carbonate  ;  and  it  finally  passes 
through  strong  sulphuric  acid,  which,  by  turning  brown,  indicates  the  pre- 
sence of  organic  matter.  The  watery  vapour  in  the  expired  air  will  condeniie 
inside  the  bottle  if  the  surface  be  kept  cool. 

By  means  of  an  apparatus,  suflScientlylarge  and  well  constructed,  experi- 
ments of  the  kind  have  been  made  extensively  on  man. 

TeiiBion  of  the  Gases  in  the  Lungs.— (i),  Oxygen  is,  as  we 
liave  seen  (p.  t2i),  loosely  combined  with  hsDmoglobin.  If  the 
tension  of  the  oxygen  in  the  air  of  the  pulmonary  alveoli  be 
greater  than  the  tension  of  the  oxygen  combined  with  the  hsemo- 
globin,  the  latter  is  not  set  free  ;  but,  on  the  other  hand,  there  is  a 
tendency  for  the  reduced  hsDmoglobin  of  the  venous  blood  to  take 
«p  oxygen.  The  tension  of  the  oxygen  in  the  air  of  the  pul- 
monary alveoli  must  at  any  rate  be  from  7  to  10  per  cent.,  and  it 
OS  very  unlikely  that,  under  ordinary  circumstances,  the  tension  of 
the  oxygen  in  the  pulmonary  venous  blood  can  be  more  than  half 
this  amount.  A  considerable  amount  of  oxygen  must  therefore 
ho  taken  into  the  blood  to  equalise  these  tensions,  and  the  amount 
of  reduced  haemoglobin  is  diminished.  (2),  Carbonic  acid. — In 
order  that  the  carbonic  acid  should  be  given  up  into  the  alveoli, 
the  only  condition  which  seems  necessary  is  that,  the  carbonic 
«icid  tension  in  the  alveoli  should  be  less  than  that  of  the  venous 
blood ;  and  as  this  is  the  case,  it  is  not  difficult  to  suppose  that  the 
exit  of  CO^  into  the  alveoli  is  one  of  simple  diffusion. 

Changes  produoed  in  the  Blood  by  Bespiration.— The 
most  obvious  change  which  the  blood  of  the  pulmonary  artery 
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undei^goes  iu  its  passage  through  the  lungs  is  i^  that  of  colour^ 
the  dark  crimson  of  venous  blood  being  exchanged  for  the  bright 
scarlet  of  arterial  blood ;  ind,  and  in  connection  with  the 
preceding  change,  it  gains  oxygen ;  ^rd,  it  loses  carbonic  acid ; 
4thj  it  becomes  slightly  cooler  (p.  95)3  5<A,  it  coagulates 
Booner  and  more  firmly,  and,  apparently,  contains  more  fibrin  (see 
p.  119). 

The  oxygen  absorbed  into  the  blood  from  the  atmospheric  air 
in  the  lungs  is  combined  chemically  with  the  hscmoglobin  of  the 
red  blood-corpuscles.  In  this  condition  it  is  carried  in  the  arterial 
blood  to  the  various  parts  of  the  body,  and  brought  into  near 
relation  or  contact  with  the  tissues.  In  these  tissues,  and  in  the 
blood  which  circulates  in  them,  a  certain  portion  of  the  oxygen, 
which  the  arterial  blood  contains,  disappears,  and  a  proportionate 
quantity  of  carbonic  acid  and  water  is  formed. 

The  venous  blood,  containing  the  new-formed  carbonic  acid, 
returns  to  the  lungs,  where  a  portion  of  the  carbonic  acid  is 
exhaled,  and  a  fresh  supply  of  oxygen  is  again  taken  in. 

Comparison  of  Bespiration  with  Combustion.— The  proces.s 

of  respiration  has  often  been  compared  to  that  of  combustion.  When  a, 
candle  is  burnt  in  a  closed  space,  oxygen  is  abstracted,  and  the  air  becomes 
warmer  and  loaded  with  carbonic  acid  and  watery  vapour.  The  sam& 
changes  take  place  when  an  animal  is  confined  to  a  closed  space,  and  in  a 
short  time,  if  no  fresh  air  be  admitted,  the  candle  goes  out,  and  the  animal 
dies.  But  though  the  resemblance  appears  to  be  so  close,  it  is  really  only  a 
superficial  comparison,  for  respiration  is  essentially  a  process  of  exchange,. 
of  eliminatian^  and  absorption^  in  which  oxygen  is  absorbed,  and  carbonic 
acid,  watery  vapour,  and  heat  are  given  out. 

The  process  of  oxidation,  which  may  fairly  be  compared  to  the  burning  of 
a  candle  or  the  rusting  of  iron,  tates  place  in  the  tissues  all  over  the  body,, 
and  necessarily  precedes  the  elimination  of  the  waste  products  by  the 
lungs. 

The  experiments  of  Claude  Bernard  prove  clearly  the  difference  between 
respiration  and  combustion.  A  candle  was  placed  in  an  atmosphere  com- 
posed half  of  oxygen  and  half  of  carbonic  acid  :  it  was  found  to  burn  bril- 
liantly for  some  time,  owing  to  the  large  proportion  (50  per  cent.)  of  oxygen 
present.  A  bird  placed  in  the  same  atmosphere  dies  almost  at  once,  for  the 
great  tension  of  carbonic  acid  in  the  atmosphere  prevents  any  elimination 
of  carbonic  acid  from  the  animal's  lungs.  That  this  is  the  explanation  is 
proved  as  follows  : — 

A  candle  and  a  small  bird  are  placed  each  under  a  bell-glass  containing 
air.  After  a  certain  time,  the  candle  will  go  out  and  the  bird  expire.  But 
if,  just  before  this  happens,  a  strong  solution  of  potash  be  introduced  into 
each  to  absorb  the  carbonic  acid,  the  bird  will  quickly  recover,  wliilc  the 
candle  will  go  out  just  as  quickly  as  if  no  potash  had  been  introduced.    If  a 
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amall  bird  be  placed  in  this  atmosphere,  in  which  the  candle  has  gone  out, 
it  will  breathe  easily  for  some  time.  Such  an  atmosphere  contains  15  per 
cent,  of  oxygen  (the  rest  having  combined  with  the  carbon  and  hydrogen  of 
the  candle  to  form  carbonic  acid  and  water)  and  2  per  cent,  of  carbonic  acid 
(the  rest  having  been  absorbed  by  the  potash). 

Thus  we  can  make  an  artificial  atmosphere  in  which  a  candle  will  burn 
while  an  animal  will  die,  and  vice  vend.  The  candle  goes  out  from  de- 
ficiency of  oxygen,  the  animal  expires  mainly  because  of  the  excess  of 
carbonic  acid. 


Effects  of  Vitiated  Air.— Ventilation. — "We  have  seen  that 
the  air  expired  from  the  lungs  contains  a  large  proportion  of 
carbonic  acid  and  some  organic  putrcscible  matter. 

Hence  it  is  obvious  that  if  the  same  air  be  breathed  again  and 
again,  the  proportion  of  carbonic  acid  and  organic  matter  will 
constantly  increase  till  fatal  results  are  produced ;  but  long  before 
this  point  is  reached,  imeasy  sensations  occur,  such  as  headache^ 
languor,  and  a  sense  of  oppression.  It  is  a  remarkable  fact  that 
the  oi^ganism  after  a  time  adapts  itself  to  such  a  vitiated  at- 
mosphere, and  that  a  person  soon  comes  to  breathe,  without  felt 
inconyeniencey  an  atmosphere  which,  when  he  first  entered  it,. 
seemed  intolerable^ 

But  such  an  adaptation  can  only  take  place  at  the  expense  of 
a  depression  of  all  the  vital  functions,  which  must  be  injurious  if 
long  continued  or  often  repeated. 

This  power  of  adaptation  is  well  illustrated  by  the  experiments  of  Claude- 
Bernard.  A  sparrow  is  placed  under  a  bell-glass  of  such  a  size  that  it  will 
lire  for  three  hoars.  If  now  at  the  end  of  the  second  hour  (when  it  could 
have  survived  another  hour)  it  be  taken  out  and  a  fresh  healthy  sparrow 
introduced,  the  latter  will  perish  instantly. 

The  adaptation  above  spoken  of  is  a  gradual  and  continuous  one  :  thus  a 
bird  which  will  live  one  hour  in  a  pint  of  air  will  live  three  hours  in  two* 
pints  ;  and  if  two  birds  of  the  same  species^  age,  and  size,  be  placed  in  a 
quantity  of  air  in  which  either,  separately,  would  surviye  three  hours,  they 
wiU  not  live  1}  hour,  but  only  14  hour. 

From  what  has  becfn  said  it  must  be  evident  that  provision  for 
a  constant  and  plentiful  supply  of  fresh  air,  and  the  removal  of 
that  which  is  vitiated,  is  of  far  greater  importance  than  the  actual 
cubic  space  per  head  of  occupants. 

According  to  Dr.  Parkes  not  less  than  2000  cubic  feet  per  head 
should  be  allowed  in  sleeping  apartments  (barracks,  hospitals,  &c,)^ 
and  with  this  allowance  the  air  can  only  be  maintained  at  the 
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proper  Btaudard  of  parity  by  such  a  Byetem  of  ventilation  as 
proridea  for  tlie  supply  of  1300  to  2000  cubic  feet  of  fresh  air 
per  hesd  per  hour. 

IfochaniBm  of  Various  Bespiratory  Aotloiis. — It  viU  be 

Fij.   14s. 


well  here,  perhaps,  to  explain  aome  respiratory  acts,  vhich  appear 
at  first  sight  Hometrhat  complicated,  but  cease  to  be  so  when  tho 
mechauism  by  which  they  are  performed  is  clearly  understood. 
The  accompanying  diagram  (fig.  145)  shows  that  the  cavity  of  tha 
chest  is  separated  from  that  of  the  abdomen  by  the  diapbmgm, 
which,  when  acting,  wiU  lessen  its  curve,  and  thus  descending 
will  push  doimimardi  and  fonmrdt  the  abdominal  viscera;  wbilo 
the  abdominal  musclea  have  the  opposite  effect,  and  in  acting  wiU 
push   the  viscera  upteardt  and  bacitear^t,  and  with  ihem  tha 


CDAF.  VII.]  SIGHING.  245 

diaphragm,  supposing  its  ascent  to  be  not  froiQ  any  cause  inter- 
fered with.  From  the  same  diagram  it  will  be  seen  that  the  lungs 
communicate  with  the  exterior  of  the  body  through  the  glottis, 
and  further  on  through  the  mouth  and  nostrils — through  either 
of  them  separately,  or  through  both  at  the  same  time,  according 
to  the  position  of  the  soft  palate.  The  stomach  communicates 
with  the  exterior  of  the  body  through  the  oesophagus,  pharynx, 
and  mouth ;  while*  below,  the  rectum  opens  at  the  anus,  and  the 
bladder  through  the  urethra.  All  these  openings,  through  which 
the  hollow  Tiscera  communicate  with  the  exterior  of  the  body,  are 
guarded  by  muscles,  called  sphincters,  which  can  act  independently 
of  each  other.  The  position  of  the  latter  is  indicated  in  the 
diagram. 

Sighing. — In  sighing  there  is  a  rather  prolonged  inspiratory 
effort  by  the  diaphragm  and  other  muscles  concerned  in  inspira- 
tion ;  the  air  almost  noiselessly  passing  in  through  the  glottis,  and 
by  the  clastic  recoil  of  the  lungs  and  chest-walls,  and  probably 
also  of  the  abdominal  walls,  being  rather  suddenly  expelled 
again. 

Now,  in  the  first,  or  inspiratory  part  of  this  act,  the  descent  of 
the  diaphragm  presses  the  abdominal  viscera  downwards,  and  of 
course  this  pressure  tends  to  evacuate  the  contents  of  such  as 
communicate  with  the  exterior  of  the  body.  Inasmuch,  how- 
ever, as  their  various,  openings  are  guarded  by  sphincter  muscles, 
in  a  state  of  constant  tonic  contraction,  there  is  no  escape  of 
their  contents,  and  air  simply  enters  the  lungs.  In  the  second, 
or  expiratory  part  of  the  act  of  sighing,  there  is  also  pressure 
made  on  the  abdominal  viscera  in  the  opposite  direction,  by  the 
elastic  or  muscular  recoil  of  the  abdominal  walls ;  but  the  pres- 
sure is  relieved  by  the  escape  of  air  through  the  open  glottis, 
and  the  relaxed  diaphragm  is  pushed  up  again  into  its  original 
position.  The  sphincters  of  the  stomach,  rectum,  and  bladder, 
act  as  before. 

A  familiar  illustration  of  the  physiological  import  of  sighing  is 
the  well-known  fact  that,  when  the  mind  is  intensely  concentrated 
<m  any  subject,  the  respirations  become  very  shallow  (hence  the 
expression  "breathless  attention").  This  shallow  respiration  is 
oompcnsated  for  by  the  occurrence  of  a  long  sighing  inspiration  at 
frequent  intervals. 
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Hiccough  resembles  sighing  in  that  it  is  an  inspiratory  act ; 
but  the  inspiration  is  sudden  instead  of  gradual,  from  the 
diaphragm  acting  suddenly  and  spasmodically;  and  the  air,  there- 
fore suddenly  rushing  through  the  unprepared  rima  glottidis, 
causes  vibration  of  the  vocal  cords,  and  the  peculiar  sound. 

Coughing. — In  the  act  of  coughing,  there  is  most  often  first 
an  inspiration,  and  this  is  followed  by  an  expiration ;  but  when 
the  limgs  have  been  filled  by  the  preliminary  inspiration,  instead 
•of  the  air  being  easily  let  out  again  through  the  glottis,  the 
latter  is  momentarily  closed  by  the  approximation  of  the  vocal 
coi*ds ;  and  then  the  abdominal  muscles,  strongly  acting,  push  up 
the  viscera  against  the  diaphragm,  and  thus  make  pressure  on  the 
air  in  the  lungs  until  its  tension  is  sufficient  to  burst  open  noisily 
the  vocal  cords  which  oppose  its  outward  passage.  In  this  way  a 
considerable  force  is  exercised,  and  mucus  or  any  other  matter  that 
may  need  expulsion  from  the  lungs  or  trachea  is  quickly  and  sharply 
expelled  by  the  outstreaming  current  of  air. 

Now  it  is  evident  on  reference  to  the  diagram  (fig.  145),  that 
pressure  exercised  by  the  abdominal  muscles  in  the  act  of  cough- 
ing, acts  as  forcibly  on  the  abdominal  viscera  as  on  the  lungs, 
inasmuch  as  the  viscera  form  the  medium  by  which  the  upward 
pressure  on  the  diaplu-agm  is  made,  and  of  necessity  there  is 
quite  as  great  a  tendency  to  the  expulsion  of  their  contents  as  of 
the  air  in  the  lungs.  The  instinctive,  and  if  necessary,  volun- 
tarily increased  contraction  of  the  sphincters,  however,  prevents 
any  escape  at  the  openings  guarded  by  them,  and  the  pressure  is 
effective  at  one  part  only,  namely,  the  rima  glottidis. 

Sneezing. — The  same  remarks  that  apply  to  coughing,  are 
almost  exactly  applicable  to  the  act  of  sneezing;  but  in  this 
instance  the  blast  of  air,  on  escaping  from  the  lungs,  is  directed, 
by  an  instinctive  contraction  of  the  pillars  of  the  fauces  and 
<lescent  of  the  soft  palate,  chiefly  through  the  nose,  and  any 
offending  matter  is  thence  expelled. 

Speaking. — Iii  speaking,  there  is  a  voluntary  exptdsion  of  air 
through  the  glottis  by  means  of  the  expiratory  muscles ;  and  the 
vocal  cords  are  put,  by  the  muscles  of  the  larynx,  in  a  proper 
position  and  state  of  tension  for  vibrating  as  the  air  passes  over 
them,  and  thus  producing  sound.  The  sound  is  moulded  into 
words   by    the  tongue,  teeth,  lips,   «fec. — the   vocal  cords  pro- 
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duciug  the  sound  only,  and  having  nothing  to  do  with 
articulation. 

Sing^g. — Singing  resembles  speaking  in  the  manner  of  its 
production ;  the  laryngeal  muscles,  by  variously  altering  the  posi- 
tion and  degree  of  tension  of  the  vocal  cords,  producing  the 
different  notes.  Words  used  in  the  act  of  singing  are  of  course 
framed,  as  in  speaking,  by  the  tongue,  teeth,  lips,  eta 

Sniffing. — Sniffing  is  produced  by  a  somewhat  quick  action  of 
the  diaphragm  and  other  inspiratory  muscles.  The  mouth  is,  how- 
ever, closed,  and  by  these  means  the  whole  stream  of  air  is  made 
to  enter  by  the  nostrils.  The  aire  nasi  are,  commonly,  at  the 
same  time,  instinctively  dilated. 

Sobbing. — Sobbing  consists  in  a  series  of  convulsive  inspira- 
tions, at  the  moment  of  which  the  glottis  is  usually  more  or  less 
closed. 

laSUghing. — Laughing  is  a  series  of  short  and  rapid  expirations. 

Yawning. — Yawning  is  an  act  of  inspiration,  but  is  unlike 
xnost  of  the  preceding  actions  in  being  always  more  or  less  in^ 
voluntary.  It  is  attended  by  a  stretching  of  various  muscles 
about  the  palate  and  lower  jaw,  which  is  probably  analogous  to 
the  stretching  of  the  muscles  of  the  limbs  in  which  a  weary 
man  finds  relief,  as  a  voluntary  act,  when  they  have  been  some 
time  out  of  action.  The  involuntary  and  reflex  character  of 
yawning  depends  probably  on  the  fact  that  the  muscles  concerned 
are  themselves  at  all  times  more  or  less  involuntary,  and  require, 
therefore,  something  beyond  the  exercise  of  the  will  to  set  them 
an  action.  For  the  same  reason,  yawning,  like  sneezing,  cannot  be 
well  performed  voluntarily. 

In  the  preceding  accoimt  of  respiratory  actions,  the  diaphragm 
and  abdominal  muscles  have  been,  as  the  chief  muscles  engaged 
and  for  the  sake  of  clearness,  almost  alone  referred  to.  But,  of 
course,  in  all  inspiratory  actions,  the  other  muscles  of  inspiration 
(pp.  224,  228)  are  also  more  or  less  engaged ;  and  in  expiration,  the 
abdominal  muscles  are  assisted  by  others,  previously  enumerated 
{p.  229)  as  grouped  in  action  with  them. 

Sucking. — Sucking  is  not  properly  a  respiratory  act,  but  it 
may  be  most  conveniently  considered  in  this  place.  It  is  caused 
chiefly  by  the  depressor  muscles  of  the  os  hyoides.  These,  by 
drawing  downwards  and  backwards  the  tongue  and  floor  oi  V]b% 
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mouth,  produce  a  partial  vacuum  in  the  latter ;  and  the  weight  of 
the  atmosphere  then  acting  on  all  sides  tends  to  produce  equili- 
briimi  on  the  inside  and  outside  of  the  mouth  as  best  it  may. 
The  communication  between  the  mouth  and  pharynx  is  com- 
pletely shut  off  by  the  contraction  of  the  pillars  of  the  soft 
palate  and  descent  of  the  latter  so  as  to  touch  the  back  of  the 
tongue ;  and  the  equilibrium,  therefore,  can  be  restored  only  by 
the  entrance  of  something  through  the  *  mouth.  The  action, 
indeed,  of  the  tongue  and  floor  of  the  mouth  in  sucking  may  be 
compared  to  that  of  the  piston  in  a  syringe,  and  the  muscles 
which  pull  down  the  os  hyoides  and  tongue,  to  the  power  which 
draws  the  handle. 

Influence  of  the  Neryous  System  on  Bespiration. — Like 
all  other  functions  of  the  body,  the  discharge  of  which  is  neces- 
sary to  life,  respiration  must  be  essentially  an  involuntary  acL 
Else,  life  would  be  in  constant  danger,  and  would  cease  on  the 
loss  of  consciousness  for  a  few  moments,  as  in  sleep.  But  it  is 
also  necessary  that  respiration  should  be  to  some  extent  under 
the  control  of  the  wiU.  For  were  it  not  so,  it  would  be  impos- 
Bible  to  perform  those  voluntary  respiratory  acts  which  have  been 
just  enumerated  and  explained,  as  speaking,  singing,  and  the  like. 

The  respiratory  movements  and  their  rhythm,  so  far  as  they 
are  involimtary  and  independent  of  consciousness  (as  on  all 
ordinary  occasions)  are  under  the  governance  of  a  nerve-centre 
in  the  medulla  oblongata  corresponding  with  the  origin  of  the 
pneumogastric  nerves ;  that  is  to  say,  the  motor  nerves  and 
through  them,  the  muscles  concerned  in  the  respiratory  move- 
ments, are  excited  by  a  stimulus  which  issues  from  this  part  of 
the  nervous  system.  How  far  the  medulla  acts  aiUomaticalli/,  i.  «., 
how  far  the  stimulus  originates  in  it,  or  how  far  it  is  merely  a 
nerve-centre  for  re/lex  action,  is  not  certainly  known.  Probably, 
both  events  happen ;  and,  in  both  cases,  the  stimulus  is  the  result 
of  the  condition  of  the  blood. 

On  the  latter  (reflex)  theory,  the  venous  blood  which  the  right 
ventricle  propels  to  the  lungs,  is  the  direct  excitant  of  the  pneu- 
mogastric filaments  distributed  in  these  organs  ;  and  the  stimulus 
is  conveyed  by  these  filaments  to  the  medulla  oblongata,  and 
thence  reflected  by  the  phrenic  and  other  nerves  to  the  respiratoiy 
musclea. 
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In  so  far,  on  the  other  hand,  as  the  medulla  acts  automatically, 
it  is  by  virtue  of  the  condition  of  the  blood  which  circulates  in 
it.  So  long  as  the  blood  is  normal,  it  is  a  sufficient  stimulus. 
to  the  sensitive  nerve-centre  through  which  it  circulates ;  and 
rhythmic  impulses  to  respiratory  action  issue  from  the  medulla. 
When  the  relative  quantities  of  carbonic  acid  and  oxygen  in  th& 
Idood  are  changed,  the  respiratory  movements  are  changed  also. 
If  the  oxygen  be  diminished  or  the  carbonic  acid  increased,  the- 
respiratory  movements  are  proportionally  more  frequent,  and  a 
greater  number  of  muscles  are  engaged  in  their  performance ;, 
while  an  opposite  effect  is  the  result  of  an  excess  of  oxygen  witk 
diminution  of  carbonic  acid. 

Unlike  the  cardiac  rhythm,  that  of  respiration  can  bo  for  a. 
short  time  interfered  with  by  the  exercise  of  the  will.  But  the 
need  of  breath  ( "  respiratory  sense,"  "  besoin  de  rcspirer  '* } 
becomes  soon  so  urgent  as  to  overcome  the  strongest  opposition ;. 
and  no  one  has  ever  committed  suicide  by  simply  holding  his. 
breath,  although,  it  is  said,  many  have  attempted  to  do  so. 

The  respiratory  nerve-centre  in  the  medulla  oblongata  is  very 
sensitive  to  impressions  other  than  those  which  are  connected 
directly  or  by  means  of  the  pulmonary  branches  of  the  pneumo- 
gastric,  with  the  condition  of  the  blood.  The  effect  on  the- 
respiratory  movements  of  the  sudden  application  of  cold  to  the- 
skin  (as  from  a  shower  bath)  and  of  various  mental  emotions  is. 
irell  known ;  and  many  other  examples  might  be  quoted. 

At  the  time  of  birth,  the  separation  of  the  placenta,  and  the  consequent 
non-oxygenation  of  the  foetal  blood,  are  the  circumstances  which  immcdiatclj 
lead  to  the  issue  of  automatic  impulses  to  action  from  the  respiratory  centre 
in  the  medulla  oblongata.  But  the  quickened  action  which  ensues  on  the 
Application  of  cold  air  or  water,  or  other  sudden  stimulus,  to  the  skin» 
Aaws  well  the  intimate  connection  which  exists  between  this  centre  and 
other  parts  which  are  not  ordinarily  connected  with  the  function  of 
respiration. 

The  dependence  of  the  function  of  respiration  on  the  medulla 
oblongata  is  shown  by  the  cessation  of  the  respiratory  move- 
ments, and,  therefore,  instant  death,  which  follows  an  injur}-  to 
the  respiratory  nerve-centre,  although  every  other  part  of  the 
nenrons  system  remain  intact  Division  of  the  spinal  cord  will 
sffect  respiration  in  different  degrees  according  to  the  place  of 
section.     These  fisicts  are  frequently  illustrated  by  the  effects  ot 
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accidental  injury  in  man.  Thus,  if  the  spinal  cord  be  injured  in 
the  lower  part  of  the  cervical  region,  inspiration  is  performed  by 
the  diaphragm  only,  and  the  chest  is  almost  motionless  ;  because 
there  is  an  interruption  to  all  communication  between  the 
medulla  oblongata  and  the  intercostal  and  many  other  respira- 
tory muscles.  If  the  injury  be  somewhat  higher  in  the  neck, 
that  is,  above  the  origin  of  the  phrenic  nerves,  death  occurs 
immediately ;  the  rcspuutory  centre  in  the  medulla  being  now 
cut  off  from  the  diaphragm  also. 

In  the  performance  of  vdurUary  respiratory  acts,  the  brain,  as 
well  as  the  medulla  oblongata,  is  engaged.  But  even  when  the 
brain  is  thus  in  action,  it  is  the  medulla  oblongata  which  com- 
bines the  several  respiratory  muscles,  so  that  they  act  harmoniously 
together;  while  frequently  the  same  nerve-centre  brings  into 
adapted  combination  of  action  many  other  muscles  than  thoao 
commonly  exerted  in  respiration. 

Effeots  of  the  Bespiratory  Movements  upon  the  Arterial 
Tension. — Although  this  has  been  before  mentioned  (p.  179),  it 
anay  be  as  well  to  again  recmr  shortly  to  the  subject. 

Inspirationy  inasmuch  as  it  diminishes  the  pressure  outside  the 
large  veins  in  the  chest  and  on  the  heart,  increases  the  flow  of 
venous  blood  into  the  right  auricle,  and  so  increases  the  amoimt 
"discharged  by  the  right  ventricle,  and  indirectly,  therefore,  by  the 
left,  into  the  aorta,  and  so  increases  the  arterial  tension.  On 
the  arteries  the  effect  of  inspiration  is  opposite,  the  diminished 
pressure  outside  the  arterial  walls  tends  to  dilate  them,  and 
•diminish  arterial  tension,  but  probably  not  to  a  sufficient  extent 
to  equal  the  increase  in  the  pressure  produced  in  the  way  ex- 
plained above.  It  is  probable,  however,  that  this  matter  is  not 
so  simple  as  would  appeal'  from  the  above  explanation,  as  the 
increase  in  the  arterial  tension  is  found,  by  comparing  the  kymo- 
^•aphic  curve  of  artcriid  tension  with  that  of  the  intrathoracic 
tension,  to  begin  after  and  to  last  longer  than  inspiration,  and  so 
the  maximum  intrathoracic  pressure  and  the  maximum  arterial 
tension  do  not  correspond.  Two  other  factors  must  be  introduced^ 
first,  the  possible  delaying  influence  of  the  stretching  of  tho 
pulmonary  alveoli  upon  the  capillary  circulation  ;  about  this  there 
is  little  known  ;  and  secondly,  the  mfluence  of  the  cardio-inhibitofy 
centre  m  tho  medulla,  and  of  the  vaso-motor  centre.     During 
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inspiration  the  cardio-inhibitory  centre  appears  to  be  less  stimu- 
lated, as  it  is  found  that  during  the  rise  of  intrathoracic  pressure 
the  pulse  of  a  dog  is  increased  in  frequency,  and  this  increase  dis- 
appears when  the  vagi  are  divided.  Tlie  effects  of  the  vaso-motor 
centre  in  producing  rhythmical  respiratory  alterations  in  the 
blood-pressure,  will  be  treated  of  below. 

Explication  has  a  tendency  to  diminish  rather  than  to  increase 
the  venous  flow  in  the  heart,  and  this  reacting  would  tend  to 
diminish  arterial  pressiu-e.  In  the  arteries  the  reverse  is  the  case, 
as  during  expiration  their  walls  are  exposed  to  outside  pressure, 
and  so  their  inside  pressure  is  increased.  It  is  found,  however, 
that  the  undulations  during  expiration  in  the  curve  of  arterial 
tension,  so-called  respirator}',  do  not,  as  we  have  said,  correspond 
to  this  exactly. 

Traub€*8  Carves  are  kymogi*aphic  mdications  of  certain  rhythmical 
variations  of  blood-pressure  which  occur  in  animals  under  the 
influence  of  urari,  after  complete  cessation  of  artificial  respiration, 
and  in  which  both  vagi  have  been  cut.  After  artificial  respiration 
ceases  the  pressiu^-curve  rises  almost  in  a  straight  line,  but  soon 
the  Traubc's  curves  appear.  They  are  very  much  like  the  undula- 
tions which  occiu:  in  the  curve  of  arterial  tension,  as  modified  by 
respiration ;  but  as  they  appear  when  respiration  is  stopped,  and 
after  section  of  the  vagi,  it  is  believed  that  they  must  be  due  to 
a  rhythmical  stimulation  of  the  vaso-motor  centres  (especially  the 
chief  centre  in  the  medulla),  and  this  continues  until  the  blood 
i>ecomes  overcharged  with  carbonic  acid,  when  the  pressure 
diminishes,  and  these  curves  disappear.  We  see,  therefore,  that 
in  explaining  the  respiratory  undulations  of  arterial  tension  in 
addition  to  the  mechanical  action  of  the  tension  within  the  thorax 
in  producing  them,  we  must  take  into  consideration  the  influence 
€f  the  nervous  centres. 

Apn(Ba.—I)y8pn(Ba.— Asphyxia. 

As  blood  which  contains  a  normal  proportion  of  oxygen 
excites  the  respiratory  centre  (p.  248),  and,  as  the  excitement  and 
consequent  respiratory  muscular  movements  are  greater  {dyspnoea) 
in  proportion  to  the  deficiency  of  this  gas,  so  an  abnormally 
large  proportion  of  oxygen  in  the  blood  leads  to  diminished 
breathing  movements,  and,  if  large  enough,  to  their  temporary 
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oessation.  This  condition  of  absence  of  breathing  is  terme(! 
apncea*  and  it  can  bo  demonstrated,  in  one  of  the  lower  animals, 
by  performing  artificial  respiration  to  the  extent  of  saturating  the 
blood  with  oxygen. 

When,  on  the  other  hand,  the  respiration  is  stopped,  by,  e.g,^ 
interference  with  the  passage  of  air  to  the  lungs,  or  by  supplying 
air  devoid  of  oxygen,  a  condition  ensues,  which  passes  rapidly 
from  the  state  of  dyspnoea  (difficult  breathing)  to  what  is  termed 
asphyxia  ;  and  the  latter  quickly  ends  in  death. 

Symptoms  of  Asphyxia. — The  most  evident  symptoms  of 
asphyxia  or  suffocation  are  well-known.  Violent  action  of  the 
respiratory  muscles  and,  more  or  less,  of  all  the  muscles  of  the 
body ;  lividity  of  the  skin  and  all  other  vascular  parts,  while  the 
veins  are  also  distended,  and  the  tissues  seem  generally  gorged 
with  blood ;  convulsions,  quickly  followed  by  insensibility,  and 
death. 

The  conditions  which  accompany  these  symptoms  are — 

(i)  More  or  less  interference  with  the  passage  of  the  blood 
through  the  pulmonary  blood-vessels.  (2)  Accumulation  of  blood 
in  the  right  side  of  the  heart  and  in  the  systemic  veins.  (3)  Cir- 
culation of  impure  (non-aerated)  blood  in  all  parts  of  the  body. 

Causes  of  Death  from  Asphyxia. — The  immediate  causes 
of  these  conditions  and  the  manner  in  which  they  act,  so  as  to  bo 
incompatible  with  life,  may  be  here  briefly  considered. 

(i)  The  obstruction  to  the  passage  of  blood  through  the  lungs 
is  not  so  great  as  it  was  once  supposed  to  be  :  and  such  as  there 
is  occurs  chiefly  in  the  later  stages  of  asphyxia,  when,  by  the 
violent  and  convulsive  action  of  the  expiratory  muscles,  pressure 
is  indirectly  made  on  the  lungs,  and  the  circulation  through  them 
is  proportionately  int<3rfcrcd  with. 

(2)  Accumulation  of  blood,  with  consequent  distension  of  the 
right  side  of  the  heart  and  systemic  veins,  is  the  direct  result,  at 
least  in  part,  of  the  obstruction  to  the  pulmonary  circulation  just 
referred  to.  Other  causes,  however,  are  in  operation,  (a)  The 
vaso-motor  nerve-centre  stimulated  by  blood  deficient  in  oxygen, 
causes  contraction  of  all  the  small  arteries  with  increase  of  arterial 

*  This  tomi  is,  imfortiinntely,  often  applied  to  conditions  of  dysp^itxa  or 
asphyxia ;  but  the  modern  application  of  the  term,  as  iu  the  text,  is  the  mora 
eonveuicut 
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tension^  and  as  an  immediate  consequence  the  filling  of  the  systemic 
veins,  (b)  The  increased  arterial  tension  is  followed  by  inhibition 
of  the  action  of  the  heart,  and,  thus,  the  latter,  contracting  less 
frequently,  and  gradually  enfeebled  also  by  deficient  supply  of 
oxygen,  becomes  over-distended  by  blood  which  it  cannot  expeL 
At  this  stage  the  left  as  well  as  the  right  cavities  are  distended 
with  blood.*  The  ill  effects  of  these  conditions  are  to  be  looked 
for  partly  in  the  heart,  the  muscular  fibres  of  which,  like  those  of 
the  urinary  bladder  or  any  other  hollow  muscular  oi^gan,  may  be 
paralysed  by  over-stretching;  and  partly  in  the  venous  congestion, 
and  consequent  interference  with  the  function  of  the  higher  ncrvo- 
centres,  especially  the  medulla  oblongata. 

(3)  The  passage  of  non-aerated  blood  through  the  lungs  and 
its  distribution  over  the  body  are  events  incompatible  with  life,  in 
one  of  the  higher  animals,  for  more  than  a  few  minutes;  the 
rapidity  with  which  death  ensues  in  asphyxia  being  due,  more 
particularly,  to  the  effect  of  non-oxygenised  blood  on  the  medulla 
oblongata,  and,  through  the  coronary  arteries,  on  the  muscular 
4sub6tance  of  the  heart.  The  excitability  of  both  nervous  and 
muscular  tissue  is  dependent  on  a  constant  and  large  supply  of 
oxygen,  and,  when  this  is  interfered  with,  is  rapidly  lost.  The 
diminution  of  oxygen,  it  may  be  here  remarked,  has  a  more  direct 
influence  in  the  production  of  the  usual  symptoms  of  asphyxia 
than  the  increased  amount  of  carbonic  acid.  Indeed,  the  fatal 
effect  of  a  gradual  accumulation  of  the  latter  in  the  blood,  if  a  due 
supply  of  oxygen  be  maintained,  resembles  rather  that  of  a  narcotio 
poison* 

In  some  experiments  performed  bj  a  committee  nppointed  by  the  Medico- 
Chirorgical  Society  to  inyestigate  the  snbjcct  of  Suspended  Animation,  it 
waa  foand  that^  in  the  dog,  daring  simple  asphyxia,  i.e.,  by  simple  privation 
of  mir,  as  by  plugging  the  trachea,  the  average  duration  of  the  respiratory 
movements  after  the  animal  had  been  deprived  of  air,  was  4  minutes  5 
seconds.  The  average  duration  of  the  heart's  action,  on  the  other  hand,  was 
7  minutes  1 1  seconds.  It  would  seem,  therefore,  that  on  an  average,  the  heart's 
action  continues  for  3  minutes  6  seconds  after  the  animnl  has  ceased  to  make 
rcsfnratory  efforts.  A  very  similar  relation  was  observed  in  the  rabbit. 
Uecovery  never  took  place  after  the  heart's  action  had  ceased. 

The  rcEulta  obtained  by  the  committee  on  the  subject  of  drowning  wera 
Tery  remarkable^  especially  in  this  respect,  that  whereas  an  animal  may 

*  See  "Handbook  for  the  Physiological  Laboratory,"  by  Dr.  Buidon* 
^Sanderson,  p.  322. 
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recorer,  after  simple  deprivation  of  air  for  nearly  four  minutes,  yet,  after 
submersion  in  water  for  i^  minute,  recovery  seems  to  be  impossible.  This 
remarkable  difference  was  found  to  be  due,  not  to  the  mere  submcrsioR,  iiur 
directly  to  the  struggles  of  the  animal,  nor  to  depression  of  temperature,  but 
to  the  two  facts,  that  in  drowning,  a  free  passage  is  allowed  to  air  out  of  tiic 
longs,  and  a  free  entrance  of  water  into  them.  In  proof  of  the  correctness 
of  this  explanation  it  was  found  that  when  two  dogs  of  the  same  size,  one. 
however,  having  his  windpipe  plugged,  the  other  not,  were  submerged  at  the 
same  moment,  and  taken  out  after  being  under  water  for  2  minutes,  the 
former  recovered  on  removal  of  the  ping,  the  latter  did  not.  It  is  probably 
to  the  entrance  of  water  into  the  lungs  that  the  speedy  death  in  drowning  is 
mainly  due.  The  results  of  post-mortem  examination  strongly  support  thi* 
view.  On  examining  the  lungs  of  animals  deprived  of  air  by  plugging  the 
trachea,  they  were  found  simply  congested ;  but  in  the  animals  drowned, 
not  only  was  the  congestion  much  more  intense,  accompanied  with  ecchy- 
mosed  points  on  the  surface  and  in  the  substance  of  the  lung,  but  the  air 
tabes  were  completely  choked  up  with  a  sanious  foam,  consisting  of  blood, 
water,  and  mucus,  churned  up  with  the  air  in  the  lungs  by  the  respiratory 
efi^orts  of  the  animal.  The  lung-substance,  too,  appeared  to  be  saturated  and 
sodden  with  water,  which,  stained  slightly  with  blood,  poured  out  at  any 
point  where  a  section  was  made.  The  lung  thus  sodden  with  water  was 
heavy  (though  it  floated),  doughy,  pitted  on  pressure,  and  was  incapable  of 
collapsing.  It  is  not  difficult  to  understand  how,  by  such  infarction  of  the 
tubes,  air  is  debarred  from  reaching  the  pulmonary  cells  :  indeed  the  in- 
ability of  the  lungs  to  collapse  on  opening  the  chest  is  a  proof  of  the  ob- 
struction which  the  froth  occupying  the  air-tubes  offers  to  the  transit  of  air. 
The  entire  dependence  of  the  early  fatal  issue,  in  asphyxia  by  drowning,  upon 
the  open  condition  of  the  windpipe,  and  its  results,  was  also  strikingly 
shown  by  the  following  experiment.  A  strong  dog  had  its  windpipe  plugged, 
and  was  then  submerged  in  water  for  four  minutes  ;  in  three-quarters  of  a 
mfnute  after  its  release  it  began  to  breathe,  and  in  four  minutes  had  fully 
recovered.  This  experiment  was  repeated  with  similar  results  on  other  dogs. 
When  the  entrance  of  water  into  the  lungs,  and  its  drawing  up  with  the  air 
into  the  bronchial  tubes  by  means  of  the  respiratory  efforts,  were  diminished, 
as  by  rendering  the  animal  insensible  by  chloroform  previously  to  immersion, 
and  thus  depriving  it  of  the  power  of  making  violent  respiratory  efforts,  it 
was  found  that  it  could  bear  inuncrsion  for  a  longer  period  without  dying 
than  when  not  thus  rendered  insensible.  Probably  to  a  like  diminution  in 
the  respiratory  efforts,  may  also  be  ascribed  the  greater  length  of  time  per- 
sons have  been  found  to  bear  submersion  without  being  killed,  when  in  a 
state  of  intoxication,  poisoning  by  narcotics,  or  during  insensibility  from  any 
other  cause. 

We  must  carefully  distinguish  the  asphyxiating  effect  of 
carbonic  acid  from  the  directly  poisonous  action  of  such  gases  aa 
carbonic  oxide  or  common  coal-gas.  The  fatal  effects  often 
produced  by  carbonic  oxide  (as  in  accidents  from  burning  char- 
coal stoves  in  small,  close  rooms),  are  due  to  its  entering  into 
combination  with  the  ha)moglobiu  of  the  blood-corpuscles  (p.  123), 
and  thus  expelling  the  oxygen. 


CHAPTER  VIIL 

ANIMAIi    HEAT. 

The  average  temperature  of  the  human  body  in  those  internal 
parts  which  are  most  easily  accessible,  as  the  mouth  and  rectum, 
is  from  98-5**  to  99 '5"*  F. 

In  different  parts  of  the  external  surface  of  the  human  body 
the  temperature  varies  only  to  the  extent  of  two  or  three  degrees^ 
when  all  are  alike  protected  from  cooling  influences ;  and  th& 
difference  which  under  these  circumstances  exists,  depends  chiefly 
upon  the  different  degrees  of  blood-supply.  In  the  arm-pit — 
the  most  convenient  situation,  under  ordinary  circumstances,  for 
examination  by  the  thermometer — the  average  temperature  is> 
986**  F. 

The  temperature  varies  in  different  internal  parts,  by  one  or 
two  degrees ;  those  parts  and  organs  being  warmest  which  contains 
most  blood,  and  in  which  there  occurs  the  greatest  amount  of 
ehemical  change.  Thus  the  glands  and  the  muscles  are  the- 
wannest  for  this  reason ;  and  their  temperature  is  highest,  of 
course,  when  they  are  most  actively  working :  while  those  tissue* 
which,  subserving  only  a  mechanical  function,  are  the  scat  of 
least  active  circulation  and  chemical  change,  are  the  coolest^ 
These  differences  of  temperature,  however,  are  actually  but  slight,. 
on  account  of  the  provisions  which  exist  for  maintaining  uniformity 
of  temperature  in  different  parts. 

CircomBtances  causing  Variations  in  Temperature. — 
The  chief  circumstances  by  which  the  temperature  of  the  healthy 
body  is  influenced  are  the  following  :— 

Age ;  Sex ;  Period  of  the  day ;  Exercise ;  Climate  and  Season  j 
Food  and  drink. 

Age. — ^The  average  temperature  of  the  new-bom  child  is  only 
about  I®  F.  above  that  proper  to  the  adult ;  and  the  difference 
becomes  still  more  trifling  during  infancy  and  early  childhood. 
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According  to  Wundcrlich,  the  temperature  falls  to  the  extent  of 
about  ^**  to  J®  F.  from  early  infancy  to  puberty,  and  by  about  the 
same  amount  from  puberty  to  fifty  or  sixty  years  of  age.  In  old 
^ige  the  temperature  again  rises,  and  approaches  that  of  infancy. 

Although  the  average  temperature  of  the  body,  however,  is  not 
lower  than  that  of  yoimger  persons,  yet  the  power  of  resisting  cold 
is  less  in  them — exposure  to  a  low  temperature  causing  a  greater 
reduction  of  heat  than  in  young  persons. 

The  same  rapid  diminution  of  temperature  was  obserrcd  bj  M.  Edwardii 
in  the  new-bom  yoang  of  most  carnivorous  and  rodent  animals  when  they 
were  remoyed  from  the  parent,  the  temperature  of  the  atmosphere  being 
between  50*  and  53}**  F. ;  whereas,  while  lying  close  to  the  body  of  the 
mother,  their  temperature  was  only  2  or  3  degrees  lower  than  hers.  The 
'«ame  law  applies  to  the  young  of  birds.  Toang  sparrows,  a  week  after  they 
were  hatched,  had  a  temperature  of  95*  to  97*,  while  in  the  nest ;  but  when 
taken  from  it,  their  temperature  fell  in  one  hour  to  66}*,  the  temperature  of 
"the  atmosphere  being  at  the  time  62i^  It  appears  from  his  investigations, 
that  in  respect  of  the  power  of  generating  heat,  some  Mammalia  are  bom  in 
•a  less  developed  condition  than  others  ;  and  that  the  young  of  dogs,  cats, 
•and  rabbits,  for  example,  are  inferior  to  the  young  of  those  animals  which 
are  not  bom  blind.  The  need  of  external  warmth  to  keep  up  the  tempe- 
rature of  new-bora  children  is  well  known  ;  the  researches  of  M.  Edwards 
•^ow  that  the  want  of  it  is,  as  Hunter  suggested,  a  much  more  frequent 
■cause  of  death  in  new-bom  children  than  is  generally  supposed,  and  furnish 
■a  strong  argument  against  the  idea,  that  children,  by  early  exposure  to  cold 
•can  soon  be  hardened  into  resisting  its  injurious  influence. 

Sex. — The  average  temperature  of  the  female  would  appear 
from  observations  by  Dr.  Ogle  to  be  very  slightly  higher  than  that 
of  the  male. 

Period  of  the  Bay. — The  temperature  undergoes  a  gradual 
iteration,  to  the  extent  of  about  i®  to  li®  F.  in  the  course  of  the 
<lay  and  night;  the  minimum  being  at  night  or  in  the  early 
morning,  the  mwcimum  late  in  the  afternoon. 

Exercise. — Active  exercise  raises  the  temperature  of  the  body 
from  I**  to  2**  F.  (J.  Davy,  Cliflford  Allbutt).  This  may  be  partly 
^iscribed  to  generally  increased  combustion-processes,  and  partly 
to  the  fact,  that  every  muscular  contraction  is  attended  by  the 
development  of  one  or  two  degrees  of  heat  in  the  acting  muade  ; 
and  that  the  heat  is  increased  according  to  the  number  and 
rapidity  of  these  contractions,  and  is  quickly  diffused  by  the  blood 
circulating  from  the  heated  muscles.  Possibly,  also,  some  heat 
xnay  be  generated  in  the  various  movements,  stretchingSi  and 


CEilP.  vm.]        CLIMATE:  SEASON:  FOOD:  DRIXK.  25/ 

reooilings  of  the  other  tissues,  as  the  arteries,  whose  elastic  walls, 
alternately  dilated  and  contracted,  may  give  out  some  heat,  just 
as  oaoutchouc  alternately  stretched  and  recoiling  becomes  hot.  But 
the  heat  thus  developed  cannot  be  great. 

The  great  apparent  increase  of  heat  during  exercise  depends, 
in  a  great  measure,  on  the  increased  circulation  and  quantity  of 
blood,  and,  therefore,  greater  heat,  in  parts  of  the  body  (as  the 
skin,  and  especially  the  skin  of  the  extremities),  which,  at  the 
same  time  that  they  feel  more  acutely  than  others  any  changes  of 
temperature,  are,  imder  ordinary  conditions,  by  some  degrees 
colder  than  organs  more  centrally  situated. 

Climste  and  Season. — The  temperature  of  the  human  body 
is  the  same  in  temperate  and  tropical  climates  (Johnson,  Boileau, 
Fumell).  In  summer  the  temperature  of  the  body  is  a  little 
higher  than  in  winter ;  the  difference  amounting  to  from  -}-  to  j-^  F. 
(Wnnderlich). 

Food  and  Drink. — The  effect  of  a  meal  upon  the  temperature 
of  a  body  is  but  smalL     A  very  slight  rise  usually  occurs. 

Cold  alcoholic  drinks  depress  the  temperature  somewhat  {^  to 
i^  F.).  Warm  alcoholic  drinks,  as  well  as  warm  tea  and  coffee, 
raise  the  temperature  (about  ^^  F.). 

In  disease  the  temperature  of  the  body  deviates  from  the  normal 
standard  to  a  greater  extent  than  would  be  anticipated  from  the 
slight  effect  of  external  conditions  during  health.  Thus,  in  some 
diseases,  as  pneumonia  and  typhus,  it  occasionally  rises  as  high  as 
106°  or  107*^  F. ;  and  considerably  higher  temperatures  have  been 
noted.  In  Asiatic  cholera,  on  the  other  hand,  a  thermometer 
placed  in  the  mouth  sometimes  rises  only  to  77^  or  79^. 

The  temperattiTe  maintained  by  Mammalia  in  an  active  state  of  life, 
aooordiiig  to  the  tables  of  Tiedemann  and  Rudolph!,  averages  loi*.  The 
extjemes  recorded  by  them  were  96**  and  106**,  the  former  in  the  narwhal, 
the  latter  in  a  bat  (Yespertilio  pipistrella).  In  Birds,  the  average  is  as  high 
as  107*;  the  highest  temperature,  iii'25*,  being  in  the  small  species,  the 
linnets,  ke.  Among  Reptiles,  Dr.  John  Davy  found,  that  while  the  medium 
th^  were  in  was  75*,  their  average  temperature  was  82*5^  As  a  general 
mle,  their  temperature,  though  it  falls  with  that  of  the  surrounding  medium, 
i%  in  temperate  media,  two  or  more  degrees  higher ;  and  though  it  rises  also 
with  that  of  the  medimn,  yet  at  very  high  degrees  it  ceases  to  do  so,  and 
icmains  even  lower  than  that  of  the  medium*  Fish  and  Invertebrata 
piesenty  as  a  general  role,  the  same  temperature  as  the  medium  in  which 
tbey  live,  whether  that  be  high  or  low  ;  only  among  fish,  the  tunny  tribe, 
widi  sftiong  hearts  and  red  meat-like  muscles,  and  more  blood  than  \^ 
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arerage  of  fiah  have,  are  generally  7*  warmer  than  the  water  around 
them. 

The  difference,  therefore,  between  what  are  commonly  called  the  warm- 
and  the  cold-blooded  animals,  is  not  one  of  absolutely  higher  or  lower  tem- 
perature ;  for  the  animals  which  to  us,  in  a  temperate  climate,  feel  cold 
(being  like  the  air  or  water,  colder  than  the  surface  of  our  bodies),  would, 
in  an  external  temperature  of  100**,  have  nearly  the  same  temperature  and 
feel  hot  to  us.  The  real  difference  is,  as  Mr.  Hunter  expressed  it,  that  what 
we  call  warm-blooded  animals  (Birds  and  Mammalia),  have  a  certain  "  per- 
manent heat  in  all  atmospheres,"  while  the  temperature  of  the  others,  which 
we  call  cold-blooded,  is  "  variable  with  every  atmosphere." 

The  power  of  maintaining  a  uniform  temperature,  which  Mammalia  and 
Birds  possess,  is  combined  with  the  want  of  power  to  endure  such  changes 
of  body-temperature  as  are  harmless  to  the  other  classes ;  and  when  their 
power  of  resisting  change  of  temperature  ceases,  they  suffer  serious  disturb- 
ance or  die. 

Bouroes  and  Mode  of  Production  of  Heat  in  the  Body. 

*— In  explaining  the  chemical  changes  effected  in  the  process  of 
respiration  (p.  242),  it  was  stated  that  the  oxygen  of  the  atmos- 
phere taken  into  the  blood  is  combined,  in  the  course  of  the 
circulation,  with  the  carbon  and  the  hydrogen  of  disintegrated 
and  absorbed  tissues,  and  of  certain  elements  of  food  which  have 
not  been  converted  into  tissues.  That  such  a  combination 
between  the  oxygen  of  the  atmosphere  and  the  carbon  and 
hydrogen  in  the  blood,  is  continually  taking  place,  is  made 
certain  by  the  fact,  that  a  larger  amount  of  carbon  and  hydrogen 
is  constantly  being  added  to  the  blood  from  the  food  than  is 
required  for  the  ordinary  purposes  of  nutrition,  and  that  a 
quantity  of  oxygen  is  also  constantly  being  absorbed  from  the 
air  in  the  lungs,  of  the  disposal  of  which  no  accoimt  can  be  given 
except  by  regarding  it  as  combining,  for  the  most  part,  with  the 
excess  of  carbon  and  hydrogen,  and  being  excreted  in  the  form 
of  carbonic  acid  and  water.  In  other  words,  the  blood  of  warm- 
blooded animals  appears  to  be  always  receiving  from  the  digestive 
canal  and  the  lungs  more  carbon,  hydrogen,  and  oxygen  than 
are  consumed  in  the  repair  of  the  tissues,  and  to  be  always 
emitting  carbonic  acid  and  water,  for  which  there  is  no  other 
known  source  than  the  combination  of  these  elements.  Some 
heat  will  also  be  generated  in  the  combination  of  sulphur  and 
phosphorus  with   oxygen,  to    which  reference  has  been  made 

(P*  239)  >  ^^^  ^^®  amount  thus  produced  is  but  smalL 

It  is  not,  indeed,  necessary  to  assume  that  the  combustion 
processes,  which  ultimately  issue  in  the  production  of  carbonio 
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% 
acid  and  vater,  are  as  simple  as  the  bare  statement  of  the  fact 

might  seem  to  indicate.     But  complicated  as  the  various  stages 

of  combustion  of  organic  matter  in  the  blood  and  tissues  may  be, 

the  ultimate  result  is  as  simple  as  in  ordinary  combustion  outside 

the  body,  and  the  products  are  the  same.     The  same  amount  of 

heat  will  be  evolved  in  the  union  of  any  given  quantities  of 

carbon  and  oxygen,  and  of  hydrogen   and  oxygen,  whether  the 

combination  be  rapid  and  evident,  as  in  ordinary  combustion,  or 

slow  and  almost  imperceptible,  as  in  the  changes  which  occur  in 

the  living  body.    And  since  the  heat  thus  arising  will  be  generated 

wherever  the  blood  is  carried,  every  part  of  the  body  will  be 

heated  equally,  or  nearly  so. 

This  theory,  that  the  maintenance  of  the  temperature  of  the 
living  body  depends  on  continual  chemical  change,  chiefly  by 
oxidation,  of  combustible  materials  existing  in  the  tissues  and  in 
the  blood,  has  long  been  established  by  the  demonstration  that 
the  quantity  of  carbon  and  hydrogen  which,  in  a  given  time, 
imites  in  the  body  with  oxygen,  is  sufficient  to  account  for  the 
amount  of  heat  generated  in  the  animal  within  the  same  time : 
an  amount  capable  of  maintaining  the  temperature  of  the  body  at 
from  98°  to  loo^  notwithstanding  a  large  loss  by  radiation  and 
evaporation. 

Chief  Heat-produoing  Tissues. — The  chemical  changes 
which,  as  have  been  seen,  produce  nearly  the  whole  of  the  body- 
heat,  appear  to  go  on  in  certain  tissues  especially: — (i)  In  the 
MuseUSf  which  form  so  large  a  part  of  the  organism.  It  is  known 
that  when  a  muscle  contracts  a  considerable  amotmt  of  heat  is 
generated,  and  that  even  when  not  contracting  the  metabolism 
going  on  is  very  active.  Under  these  circumstances  it  is  not  un- 
reasonable to  suppose  that  in  the  muscles  the  principal  part  of 
the  heat  is  generated.  (2)  In  the  Secreting  glands,  and  principally  the 
liver  as  being  the  largest  and  most  active.  It  has  been  found  by 
experiment  that  the  blood  leaving  the  glands  is  considerably 
wmner  than  that  entering  them.  The  metabolism  in  the  glands  is 
veiy  active,  and  speaking  generally,  the  more  active  the  metabolism 
the  greater  the  heat  produced.  (3)  In  the  Brain ;  the  venous 
Uood  having  a  higher  temperature  than  the  arterial.  It  must  be 
remembered,  however,  that  although  the  organs  above  mentioned 
are  the  chief  heat-producing  parts  of  the  body,  all  living  tisauea 
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.    :ius  ia  direct  rrrTortion  to  their 

V.  :    ^  :iiso  the  seat  :-f  raetaMism,  and, 

.^  .:oii  .'f  heat ;  but  the  sh&re  "which  it  takes 

•\>UL  tho  tissues  in  which  it  circulates,  is 

^    /.  .jtc  Temperature  of  the  Human  Body. — 

."  ilio  Innly  is  regulated  bv  ^i>  Tariations  in  the 

.2)  variations  in  the  produ'-tton  of  heat.     In 

«iv\\Iod  tuiimals  tho  loss  and  gain  of  heat  arc  so 

.  ..  .^vi  oao  by  tho  other,  that  under  all  ordinary  circuni- 

.::/iorui  temperature,  within  two  or  three  degrees,  is 

t 
•     1 

^w^ui^iiwa  by  IiOfls  of  Heat. — ^The  loss  of  heat  from  the 

.  -svly  takes  place  (i)  chiefly  by  radiation  and  conduction 

-v    skin,  and  by  means   of   the  constant  evaporation  of 

u>iu  the  same  part,  and  (2)  from  the  air-passages.     In 

..^:»   is  I  of  respiration,  heat  is  also  lost  by  so  much  wtirmth  as 

Is    ox^tiivd   air  acquires.      (3)  All  food  and  drink  which  cuter 

.iv   Uily  at  a  lower  temperature  than   itself  abstract    also   a 

>jiu,ill  uieiuiura  of  heat :  while  (4)  the  urine  and  focces  which  leave 

>.Uv  Unly  at  about  its  own  temperature  are  also  means  by  which 

k  suuiU  amount  is  lost 

The  Skin. — By  far  the  most  important  loss  of  heat  from  the 
iKKlyi — probably  70  or  80  per  cent  of  tho  whole  amount,  is  that 
whioh  takes  place  by  radiation,  conduction^  and  evaporation  firom 
tho  Hkin. 

Tho  means  by  which  the  skin  is  able  to  act  as  one  of  the  most 
imiK>rttuit  organs  for  regulating  tho  temperature  of  the  blood, 
Are — (i),  that  it  offers  a  lai^  surface  for  radiation,  conduction, 
aud  evaporation ;  (2),  that  it  contains  a  large  amount  of  blood ; 
(3),  that  tho  quantity  of  blood  contained  in  it  is  tho  greater 
under  those  circumstances  which  demand  a  loss  of  heat  from 
tho  body,  and  vice  versd.  For  the  circumstance  which  chiefly 
determines  the  quantity  of  blood  in  the  skin,  is  that  which 
governs  the  supply  of  blood  to  all  the  tissues  and  organs  of  the 
body,  namely,  tho  power  of  the  voso-motor  nerves  to  cause  a 
greater  or  less  tension  of  the  muscular  element  in  the  walls  of 
the  arteries  (see  p.  180),  and,  in  correspondence  with  this,  a 
losacning  or  increase  of  tho  calibre  of  the  vessel,  accompanied  by 
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a  less  or  greater  current  of  blood.  A  warm  or  hot  atmosphere 
80  acts  on  the  nerve  fibres  of  the  skin,  as  to  lead  them  to  cause 
in  turn  a  relaxation  of  the  muscular  fibre  of  the  blood-vessels ; 
and,  aa  a  result,  the  skin  becomes  full-blooded,  hot,  and  sweat- 
ing; and  much  heat  is  lost.  With  a  low  temperature,  on  the 
other  hand,  the  blood-vessels  shrink ;  and  in  accordance  with  the 
consequently  diminished  blood-supply,  the  skin  becomes  pale,  and 
cold,  and  dry.  Thus,  by  means  of  a  self-regulating  apparatus, 
the  skin  becomes  the  most  important  of  the  means  by  which  the 
temperature  of  the  body  is  regulated. 

In  connection  with  loss  of  heat  by  the  skin,  reference  has  been 
made  to  that  which  occurs  both  by  radiation  and  conduction, 
and  by  evaporation;  and  the  subject  of  animal  heat  has  been 
considered  almost  solely  with  regard  to  the  ordinary  case  of  man 
living  in  a  medimn  colder  than  his  body,  and  therefore  losing 
heat  in  all  the  ways  mentioned.  The  importance  of  the  means, 
however,  adopted,  so  to  speak,  by  the  skin  for  regulating  the 
temperature  of  the  body,  will  depend  on  the  conditions  by  which 
it  is  surroimded ;  an  inverse  proportion  existing  in  most  cases 
between  the  loss  by  radiation  and  conduction  on  the  one  hand, 
and  by  evaporation  on  the  other.  Indeed,  the  small  loss  of  heat 
by  evaporation  in  cold  climates  may  go  far  to  compensate  for  the 
greater  loss  by  radiation;  as,  on  the  other  hand,  the  great 
amount  of  fluid  evaporated  in  hot  air  may  remove  nearly  as  much 
heat  as  is  commonly  lost  by  both  radiation  and  evaporation  in 
ordinary  temperatures;  and  thus,  it  is  possible  that  the  quantities 
cf  beat  required  for  the  maintenance  of  an  uniform  proper  tempera- 
tore  in  various  climates  and  seasons  are  not  so  dififerent  as  they, 
at  first  thought,  seem. 

Kany  examples  might  he  given  of  the  power  which  the  body  possesBes  of 
rffMHwg  the  ^ects  of  a  high  temperature,  in  virtue  of  evaporation  from  the 


Sir  Charles  Blagden  and  others  supported  a  temperature  varying  between 
198*  and  311*  F.  in  dry  air  for  several  minutes ;  and  in  a  subsequent  expert- 
nent  be  remained  eight  minutes  in  a  temperature  of  260"*. 

"  The  workmen  of  Sir  F.  Chantrey  were  accustomed  to  enter  a  furnace, 
ia  which  his  moulds  were  dried,  whilst  the  floor  was  red-hot,  and  a  ther- 
iftrtf***^  in  the  air  stood  at  350^ ;  and  Chabert,  the  flre-king,  was  in  the 
habit  of  entering  an  oven  the  temperature  of  which  was  from  400*  to  600V* 
(Oupenter.) 

JEhrt  aoch  heats  are  not  tolerable  when  the  air  is  moist  as  well  as  hot,  «o  aa 
to  pvevent  evaporation  from  the  body.    Mr.  C.  James  states,  thai  ia  Oa& 
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Tapoar  baths  of  Nero  he  was  almost  suffocated  in  a  temperature  of  II2^ 
while  in  the  caves  of  Testaccio,  in  which  the  air  is  dry,  he  was  but  little 
inoomimoded  by  a  temperature  of  I76^  In  the  former,  evaporation  from  the 
skin  was  impossible  ;  in  the  latter  it  was  abundant,  and  the  layer  of  vapour 
which  would  rise  from  all  the  surface  of  the  body  would,  by  its  very  slowly 
conductiDg  power,  defend  it  for  a  time  from  the  full  action  of  the  externa] 
heat. 

(The  glandular  apparatus,  by  which  secretion  of  fluid  from 
the  skin  is  effected,  will  be  considered  in  the  Section  on  the 
Skin.) 

The  ways  by  which  the  skin  may  be  rendered  more  efficient  as 
a  cooling-apparatus  by  exposure,  by  baths,  and  by  other  means 
which  man  instinctively  adopts  for  lowering  his  temperature 
when  necessary,  are  too  well  known  to  need  more  than  to  be 
mentioned. 

Although,  under  ordinary  circumstances,  the  external  application  of  cold 
only  temporarily  depresses  the  temperature  to  a  slight  extent,  it  Is  otherwise 
in  cases  of  high  temperature  (107 — 108°)  in  fever.  In  these  cases  a  tepid 
bath  (80°)  may  reduce  the  temperature  several  degrees,  and  the  effect  so 
produced  lasts  in  some  cases  for  many  hours. 

The  Lungs. — As  a  means  for  lowering  the  temperature,  the 
lungs  and  air-passages  are  very  inferior  to  the  skin ;  although,  by 
giving  heat  to  the  air  we  breathe,  they  stand  next  to  the  skin  in 
importance.  As  a  regulating  power,  the  inferiority  is  still  more 
marked.  The  air  which  is  expelled  from  the  lungs  leaves  the 
body  at  about  the  temperature  of  the  blood,  and  is  always 
saturated  with  moisture.  No  inverse  proportion,  therefore,  exists 
between  the  loss  of  heat  by  radiation  and  conduction  on  the  one 
hand,  and  by  evaporation  on  the  other.  The  colder  the  air,  for 
example,  the  greater  will  be  the  loss  in  all  ways.  Neither  is  the 
quantity  of  blood  which  is  exposed  to  the  cooling  influence  of  the 
air  diminished  or  increased,  so  far  as  is  known,  in  accordance  with 
any  need  in  relation  to  temperature.  It  is  true  that  by  yaiying 
the  number  and  depth  of  the  respirations,  the  quantity  of  heat 
given  off  by  the  liuigs  may  be  made,  to  some  extent,  to  vary  also. 
But  the  respiratory  passages,  while  they  must  be  considered 
important  means  by  which  heat  is  lost,  are  altogether  subordinate^ 
in  the  power  of  regulating  the  temperature,  to  the  skin. 

Begiilation  by  Oain  of  Heat. — It  may  seem  to  have  been 
aaavuaned,  in  the  foregoing  pages,  that  the  only  regulating  ap- 
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paratns  for  temperature  required  by  the  human  body  is  one  that 
shall,  more  or  less,  produce  a  cooling  effect ;  and  as  if  the  amount 
of  heat  produced  were  always,  therefore,  in  excess  of  that  which  is 
required.  Such  an  assumption  would  be  incorrect.  We  have  the 
power  of  regulating  the  production  of  heat,  as  well  as  its  loss. 

Pood. — In  food  we  have  a  means  for  elevating  our  temperatiu^. 
It  is  the  fuel,  indeed,  on  which  animal-  heat  ultimately  depends 
altogether.  Thus,  when  more  heat  is  wanted,  we  instinctively 
take  more  food,  and  take  such  kinds  of  it  as  are  good  for  com- 
bustion ;  while  e very-day  experience  shows  the  different  power  of 
resisting  cold  possessed,  respectively,  by  the  well-fed  and  by  the 
starved. 

In  northern  regions,  again,  and  in  the  colder  seasons  of  more 
southern  climes,  the  quantity  of  food  consumed  is  (speaking  very 
generally)  greater  than  that  consumed  by  the  same  men  or  animals 
in  opposite  conditions  of  climate  and  season.  And  the  food 
which  appears  naturally  adapted  to  the  inhabitants  of  the  coldest 
climates,  such  as  the  several  fatty  and  oily  sulistances,  abounds 
in  carbon  and  hydrogen,  and  is  fitted  to  combine  with  the  large 
quantities  of  oxygen  which,  breathing  cold  dense  air,  they  absorb 
from  their  lungs. 

Exercise. — In  exercise,  again,  wo  have  an  important  means  of 
raising  the  temperature  of  our  bodies  (p.  256). 

Clothing. — The  influence  of  external  coverings  for  the  body 
most  not  be  imnoticed.  In  warm-blooded  animals,  they  are  always 
adapted,  among  other  purposes,  to  the  maintenance  of  uniform 
temperature ;  and  man  adapts  for  himself  such  as  are,  for  the 
same  purpose,  fitted  to  the  various  climates  to  which  he  is  ex- 
posed. By  their  means,  and  by  his  command  over  food  and  fire, 
he  maintains  his  temperature  on  all  accessible  parts  of  the  surface 
of  the  earth. 

Influenoe  of  the  Neirous  System. — The  influence  of  the 
nervous  system  in  modifying  the  production  of  heat  has  been 
already  referred  to.  The  experiments  and  observations  which 
best  illustrate  it  are  those  showing,  first,  that  when  the  supply  of 
nervous  influence  to  a  part  is  cut  off,  the  temperature  of  that 
part  falls  below  its  ordinary  degree ;  and,  secondly,  that  when 
death  is  caused  by  severe  injury  to,  or  removal  of,  the  nervous 
centres,  the  temperature  of  the  body  rapidly  falls,  even  tYioxx^ 
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artificial  respiration  be  performed,  the  circulation  maintained,  and 
to  all  appearance  the  ordinary  chemical  changes  of  the  body  be 
completely  effected.  It  has  been  repeatedly  noticed,  that  after 
division  of  the  nerves  of  a  limb  its  temperature  faUs ;  and  this 
diminution  of  heat  has  been  remarked  still  more  plainly  in  limbs 
deprived  of  nervous  influence  by  paralysis. 

With  equal  certainty,.though  less  definitely,  the  influence  of 
the  nervous  system  on  the  production  of  heat,  is  shown  in  the 
rapid  and  momentary  increase  of  temperature,  sometimes  general, 
at  other  times  quite  local,  which  is  observed  in  states  of  nervous 
excitement;  in  the  general  increase  of  warmth  of  the  body, 
sometimes  amounting  to  perspiration,  which  is  excited  by  passions 
of  the  mind ;  in  the  sudden  rush  of  heat  to  the  face,  which  is 
not  a  mere  sensation;  and  in  the  equally  rapid  diminution  of 
temperature  in  the  depressing  passions.  But  none  of  these 
instances  suffice  to  prove  that  heat  is  generated  by  mere  nervous 
action,  independent  of  any  chemical  change ;  all  are  explicable, 
on  the  supposition  that  the  nervous  system  has  the  power  of  con- 
trolling the  muscular  fibre  of  the  blood-vessels  (p.  180)  and  of  the 
skin  ;  while  any  influence  which  the  nervous  system  may  have  in 
the  production  of  heat,  apart  from  this  influence,  is  an  indirect 
one,  and  is  derived  from  its  power  of  causing  such  nutritive 
change  in  the  tissues  as  may  involve  an  increased  or  diminished 
production  of  heat.  The  existence  of  nerve-centres  and  nerves 
which  regulate  animal  heat  (thermogenic)  otherwise  than  by  their 
influence  in  trophic  (nutritive)  or  vaso-motor  changes,  although 
by  many  considered  probable,  is  not  yet  proven. 

Inhibitory  heat'centre, — Whether  a  centre  exists  which  regulates  the  pro- 
daction  of  heat,  is  still  undecided.  Certain  experiments  on  warm-blooded 
animals,  in  which  it  was  observed  that  exposure  to  cold  at  once  increased  the 
oxygen  taken  in,  and  the  carbonic  acid  given  out,  indicating  an  increase  in 
the  metabolism,  and  others  in  which  it  was  observed  that  in  animals  poisoned 
l^  urari,  exposure  to  cold  diminished  both  the  metabolism  and  the  tempera- 
ture, have  been  brought  forward  to  prove  the  existence  of  a  centre,  situated 
probably  in  the  medulla,  to  which^  under  normal  circumstances,  the  impres- 
sion of  cold  is  conveyed,  and  from  which  by  efferent  nerves  impulses  pass  to 
the  muscles,  whereby  an  increased  metabolism  is  induced,  and  so  an  increased 
amount  of  heat  is  generated.  It  is  also  stated  that  in  urarised  animals,  as  the 
muscular  nerves  are  paralyzed,  efferent  impulses  from  the  centre  cannot 
induce  the  necessary  metabolism  for  the  production  of  heat,  and  that  the  same 
effect  is  produced  when  the  medulla  is  cut.    As  it  is,  however,  evidently  an 
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extremely  difficnlt  matter  to  eliminate  the  inflaence  of  the  yaso^motor 
system  in  snch  experiments,  farther  proofs  of  the  existence  of  an  indepen- 
dent heat-centre  are  needed* 

Influence  of  Extreme  Heat  and  Cold. — In  connection  with 
the  regulation  of  animal  temperature,  and  its  maintenance  in 
health  at  the  normal  height,  may  bo  noted  the  result  of  circum- 
stances too  powerful,  either  in  raising  or  lowering  the  heat  of 
the  body,  to  be  controlled  by  the  proper  regulating  apparatus. 
Walther  found  that  rabbits  and  dogs,  when  tied  to  a  board  and 
exposed  to  a  hot  sun,  reached  a  temperature  of  114*8^  R,  and 
then  died.  Cases  of  sunstroke  furnish  us  with  similar  examples 
.in  the  case  of  man;  for  it  would  seem  that  here  death  ensues 
chiefly  or  solely  firom  elevation  of  the  temperature.  In  a  case 
related  by  Dr.  Gee,  the  temperature  in  the  axilla  was  109 '5°  F. ; 
and  in  many  febrile  diseases  the  immediate  cause  of  dpath  appears 
to  be  the  elevation  of  the  temperature  to  a  point  inconsistent  with 
the  continuance  of  life. 

The  efiect  of  mere  loss  of  bodily  temperature  in  man  is  less  well 
known  than  the  effect  of  heat. 

From  experiments  by  Walther,  it  appears  that  rabbits  can  be 
cooled  down  to  48^  F.  before  they  die,  if  artificial  respiration  be 
kept  up.  Cooled  down  to  64^  F.,  they  cannot  recover  unless 
external  warmth  be  applied  together  with  the  employment  of 
artificial  respiration.  Rabbits  not  cooled  below  77""  F.  recover 
by  external  warmth  alone. 


CHAPTER    IX. 

DIGESTION. 

Digestion  is  the  process  by  which  the  materials  of  oiir  food  ^re 
80  changed  as  to  be  made  fit  for  absorption  and  addition  to  the 
blood. 

Pood. — The  following  is  a  convenient  tabular  classification  of 
the  usual  and  necessary  kinds  of  food  :— 

/  NiTBOOENOUS : — 

Ftoteids,  as  Albumin,  Casein,  Sjntomn,  Gluten,  and  their  allies, 
and  Gelatin  :  (containing  Carbon,  Hydrogen,  Oxygen,  and  Nitrogen ; 
some  of  them,  also  Sulphur  and  Phosphorus). 


§ 


NON-NlTBOGENOUS  : — 

(i.)  Amyloids — Starch,  Sugar,  and  their  allies  (containing  Carbon, 
Hydrogen,  and  Oxygen). 

(2.)  Oils  and  Fats  (containing  Carbon,  Hydrogen,  and  Oxygen; 
the  Oxygen  in  much  smaller  proportion  than  in  starch  or  sugar). 
^  o  (      (3*)  Mineral  or  Saline  Matters ;  as  (chloride  of  Sodium,  Phosphate 
§  I  j  of  Calcium,  &c. 
*^  ^  i      (4.)  Water, 

Animals  require,  for  food,  both  organic  and  inorganic  sub- 
stances ;  the  apparent  sustenance  of  life  and  health  on  a  diet 
composed  of  the  first-named  group  only  being  due  to  the  fact  that 
inorganic  substances  are  contained  in  all  the  natural  organic 
foods.  Pure  fibrin,  pure  gelatin,  and  other  organic  principles 
purified  from  the  inorganic  substances  naturally  mingled  with 
them,  are  incapable  of  supporting  life  for  more  than  a  brief  time. 

Moreover,  health  cannot  be  maintained  by  any  number  of 
substances  derived  exclusively  from  one  only  of  the  two  groups  of 
organic  alimentary  principles  mentioned  above.  A  mixture  of 
nitrogenous  and  non- nitrogenous  organic  substances,  together 
with  the  inorganic  principles  which  are  severally  contained  in 
them,  is  essential  to  the  well-being,  and,  generally,  even  to  the 
existence  of  an  animal     The  truth  of  this  has  been  demonstrated 


CHAP.  IX.]  .  FOOD.  267 

by  experiments,  and  is  illustrated  also  by  the  composition  of 
those  foods  which  are  sufficient  by  themselves  for  the  maintenance 
of  life.     Milk  and  eggs  are  good  examples  of  this. 

Composition  of  Milk. 

HuinaxL  CJowr. 

Water 890        .  .    858 

Solids 110   .  .    .     142 


1,000  1,000 

Protcids  (casein  and  serum  albumin)      •      35        •  .68 

Fats  or  butter  (olein,pahnitin  and  stearin)      25    .  .    .      38 

Sugar  (with  extractives) ....      48        ...      30 

OaUlO  *•  ....2«t..O 

no  142 

In  milk,  as  will  bo  seen  from  the  preceding  table,  the  proteid 
group  of  aliments  is  represented  by  the  casein  and  albumin,  the 
oleaginous  by  the  butter,  the  aqueous  by  the  water,  the  saccharine 
by  the  sugar  of  milk.  Among  the  salts  of  milk  are  likewise  phos- 
phate of  calcium,  alkaline  and  other  salts,  and  a  trace  of  iron ;  so 
that  it  may  be  briefly  said  to  include  all  the  substances  which 
the  tissues  of  the  growing  animal  need  for  their  nutrition,  and 
which  are  required  for  the  production  of  animal  heat. 

The  yelk  and  albumen  of  eggs  are  in  the  same  relation  as  food 
for  the  embryoes  of  oviparous  animals,  that  milk  is  to  the  young 
of  Mammalia,  and  afford  another  example  of  the  necessity  for  a 
mixture  of  various  alimentary  principles. 


Composition  op  Fowls*  Egos. 


Wliite. 

Water 

.     78 

Kitrogenous  matter 

.      20'4 

Fatty  matter 

^"^ 

Salts      .... 

r6 

Yelk. 

52 
16 

307 
1-3 


lOO'O  lOO'O 


Experiments  on  Feeding. — Experiments  illustrating  the 
same  principle  have  been  performed  by  Magendie  and  others. 

DogB  were  fed  exclusively  on  sugar  and  distilled  water.  During 
the  fint  aeven  or  eight  days  they  were  brisk  and  active,  and  too\L 
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their  food  and  drink  as  usual ;  but  in  the  bourse  of  the  second 
week,  they  began  to  get  thin,  although  their  appetite  continued 
goody  and  thej  took  daily  between  six  and  eight  ounces  of  sugar. 
The  emaciation  increased  during  the  third  week,  and  they  became 
feeble,  and  lost  their  activity  and  appetite.  At  the  same  time  an 
ulcer  formed  on  each  cornea,  followed  by  an  escape  of  the  humours 
of  the  eye :  this  took  place  in  repeated  experiments.  The  animals 
still  continued  to  eat  three  or  four  ounces  of  sugar  daily ;  but 
became  at  length  so  feeble  as  to  be  incapable  of  motion,  and  died 
on  a  day  varying  from  the  thirty-first  to  the  thirty-fourth.  On 
dissection,  their  bodies  presented  all  the  appearances  produced 
by  death  from  starvation ;  indeed,  dogs  will  live  almost  the  same 
length  of  time  without  any  food  at  alL 

When  dogs  were  fed  exclusively  on  gum,  results  almost  similar 
to  the  above  ensued.  When  they  were  kept  on  olive-oil  and  water, 
all  the  phenomena  produced  were  the  same,  except  that  no  iilcera- 
tion  of  the  cornea  took  place  :  the  effects  were  also  the  same  with 
butter.  The  experiments  of  Chossat  and  Letellier  prove  the  same; 
and  in  men,  the  same  is  shown  by  the  various  diseases  to  which 
they  who  consume  but  little  nitrogenous  food  are  liable,  and 
especially,  as  Dr.  Budd  has  shown,  by  the  affection  of  the  cornea 
which  is  observed  in  Hindus  feeding  almost  exclusively  on  rice. 
But  it  is  not  only  the  non-nitrogenous  substances,  which,  taken 
alone,  are  insufficient  for  the  maintenance  of  health.  The  ex- 
periments of  the  Academics  of  France  and  Amsterdam  were 
equally  conclusive  that  gelatin  alone  soon  ceases  to  be  nutritive. 

Mr.  Savory's  observations  on  food  confirm  and  extend  the  results 
obtained  by  Magendie,  Chossat,  and  others.  They  show  that 
animals  fed  exclusively  on  non-nitrogenous  diet  speedily  emaciate 
and  die,  as  if  from  starvation  ;  that  life  is  much  more  prolonged  in 
those  fed  with  nitrogenous  than  by  those  with  non-nitrogenous 
food ;  and  that  auimal  heat  is  maintained  as  well  by  the  former 
as  by  the  latter — a  fact  which  proves  that  nitrogenous  elements 
of  food,  as  well  as  non-nitrogenous,  may  be  regarded  as  calori- 
facient 

In  the  case  of  carnivorous  animals,  the  food  upon  which  they 
exist,  consisting  as  it  does  of  the  flesh  and  blood  of  other  miimnliy^ 
not  only  contains  all  the  elements  of  which  their  own  blood  and 
tisBuea  are  composed,  but  contains  them  combined,  probably,  In 
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the  fsame  forms.  Therefore,  little  more  may  seem  requisite,  in  the 
preparation  of  this  kind  of  food  for  the  nutrition  of  the  body,  than 
that  it  should  be  dissolved  and  convoyed  into  the  blood  in  a  con- 
dition capable  of  being  re-organised.  But  in  the  case  of  the 
herbivorous  animals,  which  feed  exclusively  upon  vegetable  sub- 
stances, it  might  seem  as  if  there  would  be  greater  difficulty  in 
procuring  food  capable  of  assimilation  into  their  blood  and 
tissues.  But  the  chief  ordinary  articles  of  vegetable  food  contain 
substances  identical  in  composition  with  the  albumin,  fibrin,  and 
casein,  which  constitute  the  principal  nutritive  materials  ia 
animal  food.  Albimiin  is  abundant  in  the  juices  and  seeds  of 
nearly  all  vegetables ;  the  gluten  which  exists,  especially  in  com 
and  other  seeds  of  grasses  as  well  as  in  their  juices,  is  identical  in 
composition  with  fibrin,  and  is  often  named  vegetable  fibrin ;  and 
the  substance  named  legumin,  which  is  obtained  especially  from 
peas,  beans,  and  other  seeds  of  leguminous  plants,  and  from  the 
potato,  is  identical  with  the  casein  of  milk.  All  these  vegetable 
substances  are,  equally  with  the  corresponding  animal  principles, 
and  in  the  same  manner,  capable  of  conversion  into  blood  and 
tissue ;  and  as  the  blood  and  tissues  in  both  classes  of  animals 
aro  alike,  so  also  the  nitrogenous  food  of  both  may  be  regarded  as, 
in  essential  respects,  similar. 

It  is  in  the  relative  quantities  of  the  nitrogenous  and  non- 
nitrogenous  compounds  in  these  different  foods  that  the  difference 
lies,  rather  than  in  the  presence  of  substances  in  one  of  them 
which  do  not  exist  in  the  other. 

The  only  non-nitrogenous  compounds  in  ordmary  animal  food 
are  the  fat,  the  saline  matters,  and  water,  and,  in  some  instances, 
the  vegetable  matters  which  may  chance  to  be  in  the  digestive 
canals  of  such  animals  as  are  eaten  whola  The  amount  of  these, 
howerer,  is  altogether  much  less  than  that  of  the  non-nitrogenous 
sabstanoes  represented  by  the  starch,  sugar,  gum,  oil,  ifec,  in  the 
vegetable  food  of  herbivorous  animals. 

IVxxi  of  Man. — Man  is  supported  as  well  by  food  constituted 
wholly  of  animal  substances,  as  by  that  which  is  formed  entirely 
of  vegetable  matters,  on  the  condition,  of  course,  that  it  contain  a 
mixture  of  the  various  nitrogenous  and  non-nitrogenous  substances 
just  shown  to  be  essential  for  healthy  nutrition.  The  structure  of 
his  teeth,  however,  as  well  as  experience,  seems  to  declare  that  ho 
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ifl  best  fitted  for  a  mixed  diet ;  and  the  same  inference  may  be 
readily  gathered  from  other  facts  and  considerations. 

The  food  a  man  takes  into  his  body  daily,  represents  or  ought  to  represent, 
the  qoantity  and  kind  of  matter  necessary  for  replacing  that  which  is  daily 
cast  ont  by  the  way  of  longs,  skin,  kidneys,  and  other  oi^gans.  To  find  ont, 
therefore,  the  quantity  and  Idnd  of  food  necessary  for  a  healthy  man,  it  will, 
evidently,  be  the  best  plan  to  consider  in  the  first  place  what  he  loses  by 
excretion. 

For  the  sake  of  example,  we  may  now  take  only  two  elements,  carbon 
and  nitK^en,  and,  if  we  discover  what  amount  of  Uiese  is  respectively  dis- 
charged in  a  given  time  from  the  body,  we  shall  be  in  a  position  to  judge 
what  kind  of  food  will  most  readily  and  economically  replace  their  loss. 

The  quantity  of  carbon  daily  lost  from  the  body  amounts  to  about  4.500 
grains,  and  of  nitrogen  300  grains ;  and  if  a  man  could  be  fed  by  these 
elements,  as  such,  the  problem  would  be  a  very  simple  one  ;  a  corresponding 
weight  of  charcoal,  and/ allowing  for  the  oxygen  in  it,  of  atmospheric  air, 
would  be  all  that  is  necessary.  But,  as  before  remarked,  an  animal  can  live 
only  upon  these  elements  when  they  are  arranged  in  a  particular  manner 
with  others,  in  the  form  of  an  organic  compound,  as  albumin,  starch,  and 
the  like  ;  and  the  relative  proportion  of  carbon  to  nitrogen  in  either  of  these 
compounds  alone,  is,  by  no  means,  the  proportion  required  in  the  diet  of 
man.  Thus,  in  albumin,  the  proportion  of  carbon  to  nitrogen  is  only  as 
3*5  to  I.  If,  therefore,  a  man  took  into  his  body,  as  food,  sufficient  albumin 
to  supply  him  with  the  needful  amount  of  carbon,  he  would  receive  more 
than  four  times  as  much  nitrogen  as  he  wanted ;  and  if  he  took  only  suffi- 
cient to  supply  him  with  nitrogen,  he  would  be  starved  for  want  of  carbon. 
It  is  plain,  therefore,  that  he  should  take  with  the  albuminous  part  of  his 
food,  which  contains  so  large  a  relative  amount  of  nitrogen  in  proportion  to 
the  carbon  he  needs,  substances  in  which  the  nitrogen  exists  in  much  smaller 
quantities. 

Food  of  the  latter  kind  is  provided  in  such  compounds  as  starcu  and  tat. 
The  latter  indeed  as  it  exists  for  the  most  part  in  considerable  amount 
mingled  with  the  flesh  of  animals,  removes  to  a  great  extent,  in  a  diet  of 
animal  food,  the  difficulty  which  would  otherwise  arise  from  a  deficiency  of 
carbon — fat  containing  a  lai^ge  relative  proportion  of  this  element,  and  no 
nitrogen. 

To  take  another  example  ;  the  proportion  of  carbon  to  nitrogen  in  bread 
is  about  30  to  I.  If  a  man's  diet  were  confined  to  bread,  he  would  eat, 
therefore,  in  order  to  obtain  the  requisite  quantity  of  nitrogen,  twice  as 
much  carbon  as  is  necessary ;  and  it  is  evident,  that,  in  this  instance,  a 
certain  quantity  of  a  substance  with  a  large  relative  amount  of  nitrogen  is 
the  kind  of  food  necessary  for  redressing  the  balance. 

To  place  the  preceding  facts  in  a  tabular  form,  and  taking  meat  as  an 
example  instead  of  pure  albumin  : — Meat  contains  about  10  per  cent,  d 
carbon,  and  rather  more  than  3  per  cent,  of  nitrogen.  Supposing  a  man 
to  take  meat  for  the  supply  of  the  needful  carbon,  he  would  require  45^000 
grains,  or  nearly  6}  lbs.  containing  : — 

Carbon         .  .        .  ...    4,500  grains. 

Nitrogen 1,350      ^ 

Excess  of  Nitn^gen  above  the  amount  required   .    1,050      „ 
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Bread  contains  about  30  per  cent,  of  carbon  and  i  per  cent,  of  nitrogen.. 
If  bread  alone^  therefore,  were  taken  as  food,  a  man  would  require,  in 
order  to  obtain  the  requisite  nitrogen,  30,000  grains  containing — 

Carbon 9,000  grains. 

Kitrogen 300      „ 

Excess  of  Carbon  aboye  the  amount  required      .    4,500      „ 

But  a  combination  of  bread  and  meat  would  supply  much  more  economi- 
cally what  was  necessary.    Thus — 

Carbon.    Nitrogen. 
15,000  grains  of  bread  (or  rather  more  than 

2  lbs.)  contain  ......    4,500  grs.    150  grs. 

5,000  grains  of  meat  (or  about  fib.)  contain       500  „       150  „ 


5,000  „       300  „ 

So  that  f  lb.  of  meat,  and  less  than  2  lbs.  of  bread  would  supply  all  the 
needful  carbon  and  nitrogen  with  but  little  waste. 

From  these  &cts  it  will  be  plain  that  a  mixed  diet  is  the  best  asid  most 
economical  food  for  man  ;  and  the  result  of  experience  entirely  coincides 
with  what  might  hare  been  anticipated  on  theoretical  grounds  only. 

It  must  not  be  forgotten  that  the  value  of  certain  foods  may 
depend  quite  as  much  on  their  digestibility  as  on  the  relative 
quantities  of  the  necessary  elements  which  they  contain. 

In  actual  practice,  moreover,  the  quantity  and  kind  of  food  to 
be  taken  with  most  economy  and  advantage  cannot  be  settled  for 
each  individual,  only  by  considerations  of  the  exact  quantities  of 
certain  elements  that  are  required.  Much  will  of  necessity  de- 
pend on  the  habits  and  digestive  powers  of  the  individual,  on 
the  state  of  his  excretory  organs,  and  on  many  other  circum- 
stances. Food  which  to  one  person  is  appropriate  enough,  may 
be  quite  imfit  for  another ;  and  the  changes  of  diet  so  instinctively 
practised  by  all  to  whom  they  are  possible,  ha^e  much  more 
reliable  grounds  of  justification  than  any  which  could  be  framed 
on  theoretical  considerations  only. 

In  many  of  the  experiments  on  the  digestibility  of  various 
articles  of  food,  disgust  at  the  sameness  of  the  diet  may  have  had 
as  much  to  do  with  inability  to  consume  and  digest  it,  as  the 
want  of  nutritious  properties  in  the  substances  which  were 
experimented  on.  And  that  disease  may  occur  from  the  want  of 
particular  food,  is  well  shown  by  the  occurrence  of  scurvy  when 
fresh  vegetables  are  deficient,  and  its  rapid  cure  when  they  are 
again  eaten :  and  the  disease  which  is  here  so  remarkably  evident 
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in  its  symptoms,  causes,  and  cure,  is  matched  by  numberless 
other  ailments,  the  caui^es  of  which,  however,  although  analogous^ 
are  less  exactly  known,  and  therefore  less  easily  combated. 

Quantity  of  Food. — ^With  regard  to  the  quantity,  too,  as  well 
as  the  kind  of  food  necessary,  there  will  be  much  diversity  in 
different  individuals.  Dr.  Dalton  believed,  from  some  experi- 
ments which  he  performed,  that  the  quantity  of  food  necessary 
for  a  healthy  man,  taking  free  exercise  in  the  open  air,  is  as 
follows : — 

Meat 1 6  ounces,  or  i*oo  lb.  avoird. 

Bread 19      „        „  119  „        „ 

Batter  or  Fat     .        .        .        •  Si    n        »  0*22  „        „ 

Water 52  fluid  ozs.,,  3-38  „        „ 

The  quantity  of  meat,  however,  here  given  is  probably  more 
in  proportion  to  the  other  articles  of  diet  enumerated  than  is 
needful  for  the  majority  of  individuals  under  the  circumstances 
stated. 

Starvation. — The  effect  of  total  deprivation  of  food  have  been 
made  the  subject  of  experiments  on  the  lower  animals,  and  have 
been  but  too  frequently  illustrated  in  man. 

(i.)  One  of  the  most  notable  effects  of  starvation,  as  might 
be  expected,  is  loss  of  weight;  the  loss  being  greatest  at  first, 
as  a  rule,  but  afterwards  not  varying  veiy  much,  day  by  day, 
imtil  death  ensues,  Chossat  found  that  the  ultimate  proportional 
loss  was,  in  different  animals  experimented  on,  almost  exactly  the 
same ;  death  occurring  when  the  body  had  lost  two-fifths  (fort^ 
per  cent.)  of  its  original  weight. 

Different  parts  of  the  body  lose  weight  in  very  different  pro- 
portions. The  following  results  are  taken,  in  round  numbera^ 
from  the  table  given  by  M.  Chossat : — 

Fatlo0cs 93  per  cent. 

Blood 75  » 

Spleen 7i  » 

Pancreas 64  „ 

Liver 5*  » 

Heart        .  .        .        .  .    .  44  „ 

Intestines 4>  h 

Muscles  of  locomotion 42  „ 

Stomach  loses 39  m 

Phaiynx,  (Esophagus        .  •        •    •  34  » 
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Skin  loses 33  per  cent 

Kidneys 3^        *» 

Respiratory  appaiatus 22        ,, 

Bcmes  16        „ 

.    Byes 10       „ 

Kervous  system 2        „  (nearly). 

(2.)  The  effect  of  starvation  on  the  temperature  of  the  various 
animals  experimented  on  by  Chossat  "was  very  marked.  For 
some  time  the  variation  in  the  daily  temperature  was  more 
marked  than  its  absolute  and  continuous  diminution^  the  daily 
fluctuation  amounting  to  5°  or  6°  F.,  instead  of  i®  or  2®  F.,  as 
in  health.  But  a  short  time  before  death,  the  temperature  fell 
very  rapidly,  and  death  ensued  when  the  loss  had  amounted  to 
about  30^  F.  It  has  been  often  said,  and  with  truth,  although 
the  statement  requires  some  qualification,  that  death  by  star- 
vation is  really  death  by  cold ;  for  not  only  has  it  been  found 
that  differences  of  time  with  regard  to  the  period  of  the  fatal 
result  are  attended  by  the  same  ultimate  loss  of  heat,  but  the 
«effect  of  the  application  of  external  warmth  to  animals  cold  and 
dying  from  starvation,  is  more  effectual  in  reviving  them  than 
the  administration  of  food.  In  other  words,  an  animal  exhausted 
by  deprivation  of  nourishment  is  imable  so  to  digest  food  as  to 
ose  it  as  fhel,  and  therefore  is  dependent  for  heat  on  its  supply 
from  without.  Similar  facts  are  often  observed  in  the  treatment 
of  exhaustive  diseases  in  man. 

(3.)  The  symptoms  produced  by  starvation  in  the  human 
subject  are  hunger,  accompanied,  or  it  may  be  replaced  by  pain, 
refeired  to  the  region  of  the  stomach ;  insatiable  thirst ;  sleepless- 
ness; general  weakness  and  emaciation.  The  exhalations  both 
from  the  lungs  and  skin  are  foetid,  indicating  the  tendency  to 
decomposition  which  belongs  to  badly-nourished  tissues;  and 
death  occurs,  sometimes  after  the  additional  exhaustion  caused  by 
diarrhoea,  often  with  symptoms  of  nervous  disorder,  delirium,  or 
convulsiona 

(4.)  In  the  human  subject  death  commonly  occurs  within  six 
to  ten  days  after  total  deprivation  of  food.  But  this  period  may 
be  considerably  prolonged  by  taking  a  very  small  quantity  of 
food,  or  even  water  only.  The  cases  so  frequently  related  of 
surviTsl  after  many  days,  or  even  some  weeks,  of  abstinence, 
have  been  due  either  to  the  last-mentioned  circumstances,  or  \x^ 
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others  less  effectual,  which  prevented  the  loss  of  heat  and  moia- 
ture.  Cases  m  which  life  has  continued  after  total  abstinence 
from  food  and  drink  for  many  weeks,  or  months,  exist  only  in  the 
imagination  of  the  vulgar. 

(5.)  The  appearances  presented  after  death  from  starvation 
are  those  of  general  wasting  and  bloodlessness,  the  latter  con- 
dition being  least  noticeable  in  the  brain.  The  stomach  and 
intestines  are  empty  and  contracted,  and  the  walls  of  the  latter 
appear  remarkably  thinned  and  almost  transparent.  The  various 
secretions  are  scanty  or  absent,  with  the  exception  of  the  bile, 
which,  somewhat  concentrated,  usually  fills  the  gall-bladder.  All 
parts  of  the  body  readily  decompose. 

Passage  of  Food  through  the  Alimentary  OanaL 

The  course  of  the  food  through  the  alimentary  canal  of  man 
will  be  readily  seen  from  the  accompanying  diagram  (fig.  146). 
The  food  taken  into  the  mouth  passes  thence  through  the  oeso- 
phagus into  the  stomach,  and  from  this  into  the  small  and  large 
intestine  successively  ;  gradually  losing,  by  absorption,  the  greater 
portion  of  its  nutritive  constituents.  The  residue,  together  with 
such  matters  as  may  have  been  added  to  it  in  its  passage,  is 
discharged  from  the  rectum  through  the  anus. 

We  shall  now  consider,  in  detail,  the  process  of  digestion,  as  it 
takes  place  in  each  stage  of  this  journey  of  the  food  through  the 
alimentary  canal. 

Mastication. — The  act  of  chewing  or  mastication  is  performed 
by  the  biting  and  grinding  movement  of  the  lower  range  of  teeth 
against  the  upper.  The  simultaneous  movements  of  the  tongue 
and  checks,  assist  partly  by  crushing  the  softer  portions  of  the 
food  against  the  hard  palate,  -gums,  <l^.,  and  thus  supplementing 
the  action  of  the  teeth,  and  partly  by  returning  the  morsels  of 
food  to  the  action  of  the  teeth,  again  and  again,  as  they  are 
squeezed  out  from  between  them,  until  they  have  been  sufficiently 
chewed. 

The  simple  up  and  down,  or  biting  movements  of  the  lower 
jaw,  are  performed  by  the  temporal,  masseter,  and  internal  ptery- 
goid muscles,  the  action  of  which  in  closing  the  jaws  alternates 
with  that  of  the  digasttic  and  other  muscles  passing  from  the 
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inter-articular  fibro-cartilage  of  the  temporo-maxillarj  joint  in 
mastication  may  be  here  mentioned,  (i)  As  an  elastic  pad  it 
serves  well  to  distribute  the  pressure  caused  by  the  exceedingly 
powerful  action  of  the  masticatory  muscles.  (2)  It  also  serves  as  a 
joint-surface  or  socket  for  the  condyle  of  the  lower  jaw,*  when  the 
latter  has  been  partially  drawn  forward  out  of  the  glenoid  cavity 
of  the  temporal  bono  by  the  external  pterygoid  muscle,  some  of 
the  fibres  of  the  latter  being  attached  to  its  front  surfieu^,  and  con- 
sequently drawing  it  forward  with  the  oondyle  which  moves  on  it. 

Nerve-meohaniBm  oonoemed  in  Mastication. — ^As  in  the 
case  of  so  many  other  actions,  that  of  madtication  is  partly  volun- 
tary, and  partly  reflex  and  involuntary.  The  consideration  of 
such  sensori-mator  actions  will  come  hereafter  (see  Chapter  on  the 
Nervous  System).  It  will  suffice  here  to  state  that  the  nerves 
chiefly  concerned  are  the  sensory  hrtoicheB  of  the  fifth  and  the 
glosso-pharyngeal,  and  the  motor  branches  of  the  fifth  and  ninth 
(hypoglossal)  cerebral  nerves.  The  nerve-centre  through  which  the 
reflex  action  occurs,  and  by  which  the  movements  of  the  various 
muscles  are  harmonised,  is  situate  in  the  medulla  oblongata.  In 
so  far  as  mastication  is  voluntary  or  mentally  perceived,  it  be- 
comes so  under  the  influence,  in  addition  to  the  medulla  oblongata, 
of  the  cerebral  hemispheres. 

Insalivation. — The  act  of  mastication  is  much  assisted  by  the 
saliva  which  is  secreted  in  largely  increased  amount  during  the 
process,  and  the  intimate  incorporation  of  which  with  the  food,  as 
it  is  being  chewed,  is  termed  insalivation. 

Salivary  Glands. — The  salivary  glands  consist  of  four  pairs 
of  large  glands,  the  parotid,  submaxillary,  sublingual,  and  numer- 
ous smaller  bodies,  of  similar  structure  and  with  separate  ducts, 
which  are  scattered  thickly  beneath  the  mucous  membrane  of  the 
lips,  cheeks,  soft  palate,  and  root  of  the  tongue. 

Structure. — The  salivary  glands  are  now  usually  described  as 
compound  tubular  glands,  that  is  to  say,  they  are  made  up  of 
lobules,  which  are  formed  by  the  branchings  and  convolutions  of  a 
main  subdivision  of  the  gland  duct,  bound  together  with  connective 
tissue.  Between  the  convolutions  also  are  many  capillaries  and 
lymphatic  spaces.  The  convoluted  parts  are  lined  by  and  almost 
filled  with  a  single  layer  of  columnar  cells  (salivary  cells),  enclosing 
a  nucleus.     The  granular  appearance  which  is  frequently  seen  in 
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the  aaliToi;  cells  is  due  to  the  veiy  dense  netnork  of  fibrils  vhich 
they  contain.  These  cells  when  isolated  are  not  unfrequently 
found  to  be  branched.  The  basement  membrane  of  the  tubes  con- 
Hsts  of  branched  and  flattened  cells,  and  between  it  and  the 
salivary  celb  are  found,  here  and  there,  granular  semilunar  bodies 
(aemilunes  of  Heidenhiun  or  crescents  of  Gianuzzi).  Mucous  cells 
or  goblet  cells  are  also  found  in  the  lumen  of  the  tubes  in  the 
maciiB'«ecreting  glands.  The  smallest  divisions  of  the  ducts  have 
a  relatively  small  lumen,  and  are  lined  near  the  convolutions 
with  flattened  epithelium,  and  then  by  nucleated  columnar  cells 

Fig.  H7.* 


which  present  a  longitudinal  stnatton.  The  lai^r  ducts  acquue 
an  oataide  coating  of  connective  tissue,  and  are  lined  with  a 
single  layer  of  columnar  epithelium,  coataming  an  lutracelliilar 
network  of  fibres  arranged  longitudinally  In  the  walla  of  the 
largest  duct  are  unstriped  muscular  fibres. 

TarietiM  of  SallTSiy  Olands  — Certain  difl'erences  in  the 
structure  may  be  observed,  according  to  whether  the  glands 
secrete  pure  saliva  or  saliva  mixed  with  mncus,  or  pm-e  mucus 
(1)  Id  true  salivary  glands,  as  is  the  parotid,  the  lumeu  of  the 
ducts  is  small,  and  the  cells  hniog  it  are  short  granular  columnar 
cells,  with  nuclei  presenting  the  intranuclear  network.  During 
lecretion  the  cells  become  larger  and  the  lumen  smaller.  After 
■timalation  of  the  sympathetic  the  cells  ore  said  to  become  smaller 
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and  their  contents  to  become  opaque.  (2)  In  the  true  mucus- 
secreting  gland,  as  is  the  sub-lingual,  the  tubes  are  lai^r,  contain 
a  larger  lumen  and  also  have  larger  cells  lining  them.  The  celle 
are  of  two  kinds,  (a)  mucous  or  central  cells  which  are  transparent 
columnar  cells  with  nuclei  near  the  basement  membrane.  The 
cell  substance  is  made  up  of  a  fine  network,  which  in  the  resting 
state  contains  a  transparent  substance  called  mttcigeTt,  When  the 
gland  is  secreting,  mxicigen  is  converted  into  mucin,  and  the  cells 
swell  up,  appear  more  transparent,  and  stain  deeply  in  logwood. 
During  rest,  the  cells  become  smaller  and  more  granular  from 
having  discharged  their  contents.  (6)  Semilunes  of  Heidenham, 
which  arc  crescentic  masses  of  granular  parietal  cells  found  here 
and  there  between  the  basement  membrane  and  the  central  cells. 
These  cells,  which  are  small  with  a  veiy  dense  reticulum  and  with 
spherical  nuclei,  increase  in  size  during  secretion.  In  the  mucous 
gland,  there  are  some  larger  tubes  lined  with  central  cells,  with  a 
few  granular  cells,  while  other  smaller  tubes  are  lined  with  small 
gramfiar  cells ;  and  some  tubes  lined  partly  with  one  kind  partly 
with  the  other.  (3)  In  the  mixed  mucoHsialivary  glands,  parts 
present  the  structiu-o  of  true  salivary  and  other  parts  of  the  true 
mucous  glands.     The  submaxillary  is  an  example  of  this  kind. 

According  to  PflUger's  researches,  some  of  the  terminal  filaments  of  the 
nerves  which  enter  the  submaxillary  gland  actually  enter  the  substance  of 
the  secreting  cells  and  end  in  their  nuclcL 

Independently  of  them  there  seem  strong  grounds  for  accepting  the  view 
that  the  chorda  tympani  contains  "secreting  fibres"  which  directly  in- 
fluence the  gland  cells,  in  addition  to  the  vaso-inhibitory  fibres  whose 
stimulation  causes  an  increased  blood-supply  (vaso-dilators)  (p.  281). 

Saliva. — Saliva,  as  it  commonly  flows  from  the  mouth,  b 
mixed  with  the  secretion  of  the  mucous  glands^  and  often  with  air- 
bubbles,  which,  being  retained  by  its  viscidity,  make  it  frothy. 

When  obtained  from  the  parotid  ducts,  and  free  from  mucus, 
saliva  is  a  transparent  watery  fluid,  the  specific  gravity  of  which 
varies  from  1*004  to  1*008,  and  in  which,  when  examined  with 
the  microscope,  are  found  floating  a  number  of  minute  particles, 
derived  from  the  secreting  ducts  and  vesicles  of  the  glands.  In 
the  impiu-e  or  mixed  saliva  are  found,  besides  these  particles, 
numerous  epithelial  scales  separated  from  the  surface  of  the 
muoous  membrane  of  the  mouth  and  tongue,  and  the  so-called 
salivary  corpuscles,  discharged  probably  from  the  mucous  glands 
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of  the  mouth  and  the  tonsils,  which,  when  the  saliva  is  collected 
in  a  deep  vessel,  and  left  at  rest,  subside  in  the  form  of  a  white 
opaque  matter,  leaving  the  supernatant  salivaiy  fluid  transparent 
and  colourless,  or  with  a  pale  bluish-grey  tint.  In  reaction^^the 
saliva^  when  first  secreted  appears  to  be  always  alkaline.  During 
fasting,  the  saliva,  although  secreted  alkaline,  shortly  becomes 
neutral;  and  it  does  so  especially  when  secreted  slowly  and 
allowed  to  mix  with  the  acid  mucus  of  the  mouth,  by  which  its 
alkaline  reaction  is  neutralised. 

Composition  of  Mixed  Saliva  (Ereriohs). 

Water 994'io 

Solids 5*90 


Ptyalin      .        .        .        . 

Pat        . 

Epithelium  and  Proteids  (including 

Albumin,  Globulin,  Mucin,  &c.)    . 
Salts  :— 

Sulpho-Cyanide  of  Potassium        .^ 

Sodium  Phosphate    . 

Calcium  Phosphate 

Magnesium  Phosphate 

Sodium  Chloride   .        • 

PotasBinm  Chloride  .       • 


1-41 
0*07 

2-13 


2*29 
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Bate  of  Secretion  and  Quantity. — ^The  rate  at  which  saliva 
18  secreted  is  subject  to  considerable  variation.  When  the  tongue 
and  muscles  concerned  in  mastication  are  at  rest,  and  the  nerves 
of  the  mouth  are  subject  to  no  unusual  stimulus,  the  quantity 
secreted  is  not  more  than  sufficient,  with  the  mucus,  to  keep  the 
mouth  moist.  But  the  flow  is  much  accelerated  wheu  the  move- 
ments of  mastication  take  place,  and  especially  wheu  they  are 
combined  with  the  presence  of  food  in  the  moutL  It  may  be 
excited  also,  even  when  the  mouth  is  at  rest,  by  the  mental  im- 
pressions produced  by  the  sight  or  thought  of  food ;  also  by  the 
introduction  of  food  into  the  stomach. 

Under  these  varying  circumstances,  the  quantity  of  saliva 
secreted  in  twenty-four  hours  varies  also ;  its  average  amount  is 
probably  from  i  to  2  lb&  (Harley). 

The  process  of  secretion  in  the  salivary  glands  is  identical  with 
that  of  glands  in  general;  the   cells  which   line  the  ult\xn^\A 
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branches  of  the  ducts  being  the  agents  by  which  the  special 
constituents  of  the  saliva  are  formed.  The  materials  which  they 
have  incorporated  with  themselTes  are  almost  at  once  given  up 
agffin,  in  the  form  of  a  fluid  (secretion),  which  escapes  from  the 
ducts  of  the  gland ;  and  the  cells,  themselves,  to  what  extent  it  is 
not  known,  undergo  disintegration, — again  to  be  renewed,  in  the 
intervals  of  the  active  exercise  of  their  functions.  The  source 
whence  the  cells  obtain  the  materiab  of  their  secretion,  is  the 
blopd,  or^  to  speak  more  accurately,  the  plasma  which  is  filtered 
off  from  the  circulating  blood  into  the  interstices  of  the  glands  as 
of  all  living  textures. 

Influence  of  the  TSfervous  System. — ^The  increased  secre- 
tion and  dischai^c  of  saliva,  which  occur  on  the  introduction  of 
food  into  the  mouth,  are  due  to  reflex  nervous  action,  the  afferent 
or  sensoiy  filaments  concerned  being  branches  of  the  fifth  cerebral 
and  glossopharyngeal  nerves,  and  the  efferent  fibres,  the  facial 
and  sympathetic  (Bernard).  The  chief  nerve-centre  concerned  is 
situate  in  the  medulla  oblongata;  but  the  submaxillary  ganglion  is 
also  engaged,  when  the  stimulus  is  other  than  gustatory  (Bernard). 

(A)  Submaxillary  Gland. — The  influence  of  the  nervous 
system  on  the  secretion  from  the  salivary  glands  has  been  made 
the  subject  of  direct  experiment  on  some  of  the  lower  animals, 
especially  the  dog;  the  submaxillary  being  the  gland  chiefly 
operated  on,  from  the  comparative  facility  with  which  it  is 
exposed,  with  its  vessels  and  nerves. 

Nerve-fibres  (chorda  tympani)  are  supplied  to  the  gland  from 
the  facial,  from  the  superior  cervical  ganglion  of  the  sympathetic, 
and  from  the  submaxillary  ganglion.  After  exposure  of  the  parts^ 
if  the  chorda  tympani  be  stimulated  by  a  galvanic  current,  the 
arteries  dilate,  the  stream  of  blood  through  the  gland  becomes 
larger  and  more  rapid ;  even  the  veins  may  pulsate,  and  the  blood 
in  them  is  more  arterial  than  venous.  At  the  same  time  an 
abundance  of  watery  saliva  is  secreted,  and  flows  frx)m  the  duct. 
A  similar,  but  less  striking  eflect  is  produced  when  the  gustatory 
nerve  having  been  divided,  its  central  end  is  galvanized.  In  this 
case,  the  stimulus  conveyed  to  the  medulla  oblongata  by  the  fibres 
of  the  gustatory  is  reflected  to  the  submaxillary  gland  by  the  choida 
tympani  filaments  of  the  facial.  When,  on  the  other  hand,  the  sti- 
mulus  is  applied  to  the  sympathetic  filaments,  the  arteries  contraoti 
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the  blood  stream  is  in  eonsequence  much  diminished,  and  from  the 
veins,  when  opened,  there  escapes  only  a  sluggish  stream  of  dark 
blood.  The  saliva,  instead  of  being  abundant  and  watery,  becomes, 
as  one  would  expect,  scanty  and  tenacious.  If  both  chorda 
tjmpani  and  sympathetic  branches  be  divided,  the  gland,  released 
from  nervous  control,  secretes  continuously  and  abundantly 
{paralytic  secretion). 

The  abundant  secretion  of  saliva,  which  follows  stimulation  of 
the  chorda  tympani,  is  not  merely  the  result  of  a  filtration  of  fluid 
from  the  blood-vessels,  in  consequence  of  the  largely  increased 
circulation  through  them.  This  is  proved  by  the  fact  that,  when . 
the  main  duct  is  obstructed,  the  pressure  within  may  considerably 
exceed  the  blood-pressure  in  the  arteries  (Ludwig).  At  the  same 
time,  the  altered  state  of  the  blood-current  is  the  chief  factor,  in- 
directly, in  the  production  of  the  increased  secretion,  inasmuch 
as,  with  it,  there  is  necessarily  a  greater  supply  of  the  materials, 
whence  the  gland-cells  may  take  the  constituents  of  saliva. 

The  chorda  tympani  is  believed  to  contain  two  sets  of  nerve 
fibres,  one  set  (wuo-dilator)  which  when  stimulated  cause  the 
vessels  to  dilate  and  so  produce  an  increased  supply  of  blood  to 
the  gland,  and  the  other,  which  are  paralyzed  on  injection  of 
atropin,  directly  influencing  the  cells  themselves,  whereby  they 
discharge  the  constituents  of  the  saliva  which  they  contain. 
These  latter  fibres  very  possibly  terminate  in  the  salivary  cells 
themselves  (Pfliiger).  The  secretion  of  saliva  does  not  appear 
to  depend  directly  upon  the  vaso-dilator  fibres,  but  upon  the  cell 
fibres,  since  if  the  cell  fibres  be  paralysed  by  the  injection  of 
atropin,  no  amount  of  stimulation  of  the  chorda  will  cause  secre- 
tion, although  it  increases  the  blood-supply ;  whereas  conversely, 
in  a  recently  decapitated  animal,  on  the  stimulation  of  the  chorda 
which  cannot,  of  course,  under  the  circumstances,  increase  the 
blood-tupply,  secretion  ensues,  and,  presumably,  from  the  action 
of  the  cell  fibres.  The  sympathetic  nerve  contains  t^aso- 
conghridor  fibres.  The  vaso-motor  fibres  appear  to  act  through  a 
local  centre,  the  action  of  which  is  exalted  by  the  sympathetic 
tod  inhibited  by  the  chorda  tympanL  The  action  of  the  sympa- 
thetic i%  however,  more  powerful  than  that  of  the  chorda. 

(B)  Parotid  Qland. — ^The  nerves  which  influence  secretion  in 
the  parotid  gkind  are  branches  of  the  facial  (lesser  superficial 
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petrosal)  and  of  the  sympathetia  The  former  nerve,  after  passing 
through  the  otic  ganglion,  joins  the  auriculo-temporal  branch  of 
the  fifth  cerebral  nerve,  and,  with  it,  is  distributed  to  the  gland* 
The  nerves  by  which  the  stimulus  ordinarily  exciting  to  secretion 
is  conveyed  to  the  medulla  oblongata,  are,  as  in  the  case  of  the 
submaxillary  gland,  the  fifth,  and  the  glossopharyngeal  The 
pneumogastric  nerves  convey  a  further  stimulus  to  the  secretion 
of  saliva,  when  food  has  entered  the  stomach;  the  reflection 
occurring  at  the  medulla  oblongata. 

Uses  of  Saliva. — The  purposes  served  by  saliva  are  mechanical 
.  and  chemical. 

MeohanioaL — (i)  It  keeps  the  mouth  in  a  due  condition  of 
moisture,  facilitating  the  movements  of  the  tongue  in  speaking, 
and  the  mastication  of  food.  (2)  It  serves  also  in  dissolving 
sapid  substances,  and  rendering  them  capable  of  exciting  the 
nerves  of  taste.  But  the  principal  mechanical  purpose  of  the 
saliva  is,  (3)  that  by  mixing  with  the  food  during  mastication,  it 
mokes  it  a  soft  pulpy  mass,  such  as  may  be  easily  swallowed.  To 
this  purpose  the  saliva  is  adapted  both  by  quantity  and  quality. 
For,  speaking  generally,  the  quantity  secreted  during  feeding  is 
in  direct  proportion  to  the  dryness  and  hardness  of  the  food.  The 
quality  of  saliva  is  equally  adapted  to  this  end.  It  is  easy  to  see 
how  much  more  readily  it  mixes  with  most  kinds  of  food  than 
water  alone  does ;  and  M.  Bernard  has  shown  that  the  saliva  from 
the  parotid,  labial,  and  other  small  glands,  being  more  aqueous 
than  the  rest,  is  that  which  is  chiefly  braided  and  mixed  with  the 
food  in  mastication;  while  the  more  viscid  mucoid  secretion  of  the 
submaxillary,  palatine,  and  tonsillitic  glands  is  spread  over  the 
surface  of  the  softened  mass,  to  enable  it  to  slide  more  easily 
through  the  fauces  and  oesophagus. 

This  \ie,vf  obtains  confirmation  from  the  interesting  fact  pointed  out  by 
Professor  Owen,  that  in  the  great  ant-eater,  whose  enormooslj  elongated 
tongue  is  kept  moist  by  a  large  quantity  of  viscid  saliva,  the  sub-ma^llaiy 
glands  are  remarkably  developed,  while  the  parotids  are  not  of  unusual  size. 

(2)  Chemical. — Saliva  has  the  power  of  converting  starch  into 
glucose  or  grape-sugar.  When  saliva,  or  a  portion  of  a  salivaiy 
gland  or  even  a  portion  of  ptyalin^  is  added  to  starch  paste  in  a  test- 
tube  and  the  mixture  kept  at  a  temperature  of  100°  F.,  the  starch 
is  very  rapidly  transformed  into  grape-sugar.     There  is  an  inter- 
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mediate  stage  in  which  a  part  or  the  whole  of  the  starch  becomes 
dextrin. 

Teat  for  Qluoose. — In  such  an  experiment  the  presence  of  sugar  is 
at  once  discovered  by  the  application  of  Trommer^s  test,  which  consists  in 
the  addition  of  a  drop  or  two  of  a  solution  of  sulphate  of  copper,  followed  by 
a  laiger  quantity  of  caustic  potash.  When  the  liquid  is  boUed  an  orange  red 
precipitate  of  suboxide  of  copper  indicates  the  presence  of  sugar  ;  and  when 
common  raw  starch  is  masticated  and  mingled  with  saliva,  and  kept  with  it 
at  a  temperature  of  90"*  or  loo"*,  the  starch-grains  are  cracked  or  eroded,  and 
their  contents  are  transformed  in  the  same  manner  as  the  starch-paste. 

Saliva  from  the  parotid  is  loss  viscid,  less  alkaline,  clearer,  and 
more  wateiy  than  that  from  the  sub-maxillary.  It  has  moreover 
a  less  powerful  action  on  starch.  Sublingual  saliva  is  the  most 
▼iscid,  and  contains  more  solids  than  either  of  the  other  two,  but 
does  not  appear  to  be  so  powerful  in  its  action. 

The  salivary  glands  of  children  do  not  become  functionally  active  till  the 
age  of  4  to  6  months  and  hence  the  bad  effect  of  feeding  them  before  this 
age  on  starchy  food,  corn-flour,  &c.,  which  they  are  unable  to  render  soluble 
axid  capable  of  absorption. 

Action  of  Saliya  on  Staroh. — This  action  is  due  to  the  pre- 
sence in  the  saliva  of  the  body  called  ptyalin.  It  is  supposed  to 
be  nitrogenous,  and  to  belong  to  the  order  of  ferments.  As  will 
be  seen  in  the  Appendix,  ferments  are  bodies,  the  exact  chemical 
composition  of  which  is  unknown,  which  produce  by  their  presence 
changes  in  other  bodies,  without  themselves  undergoing  change. 
Ptyalin  is  what  is  called  a  hydrolytic  ferment,  that  is  to  say,  it  acts 
by  adding  a  molecule  of  water  to  the  body  changed.    Thus — 

3  C«H,oO.  +  3  H.O  =  C«H,.0^  +  2  (C,H,oO,)  +  2  H.O. 
Starch     +  Water      Glucose  Dextrin. 

-  3  H,H„0^. 

Glucose. 

It  is  seen  from  the  above  formula  that  the  starch  is  not  all  at 
once  converted  into  glucose,  but  that  part  passes  through  the 
stage  of  dextrin. 

The  action  of  saliva  on  starch  is  facilitated  by :  (a)  Moderate 
heat,  about  100®  F.  (6)  A  slightly  alkaline  medium,  (c)  Removal 
of  the  changed  material  from  time  to  time.  Its  action  is  retarded 
by  :  (a)  Cold ;  a  temperature  of  32°  F.  stops  it  for  a  time,  but  does 
not  destroy  it,  whereas  a  high  temperature  above  140®  F.  destroys 
it  (6)  Acids,  or  strong  alkalies,  either  delay  or  stop  the  action 
•hogether.     (c)  Presence  of  too  much  of  the  changed  material 
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Ptjalia,  in  that  it  converts  starch  into  sngar,  is  also  called  an 
amylolytie  Jerment. 

Starch  appeare  to  be  the  oulj  principle  of  food  upon  wMcb 
BoliTa  acta  chemically  :  it  has  no  apparent  influence  on  any  of  the 
other  ternary  principles,  such  as  sugar,  gum,  celluloae,  or  (accord- 
ing to  Bemard)  on  fat,  and  seems  to  be  equally  destitute  of  power 
over  albuminous  and  gelatinous  BubstanceB. 

It  is  not  anlikel;  that  the  action  of  saliva  on  sUrch  is  b;  no  means  go 
Bimplc  aa  would  be  inferred  from  the  above  reaction.  In  the  first  place, 
recent  oltGerTeTa  believe  that  a  molecule  of  stamb  must  be  represented  bj  a 
much  more  complex  formula  ;  next,  that  the  stages  in  the  reaction  are  more 
nniaerouB  and  complex ;  and  thirdly,  that  the  product  of  the  reaction  is  not 
true  filucose,  but  maltotc. 

Maltose  is  a  sugar  more  aldn  to  cane-  than  grape-Eugaj,  of  reiy  little 
sweetening  power,  and  with  less  redocing  power  over  copper  salts.  Its 
formnla  is  C„H„0,,. 

The  Pharynx. — That  portion  of  the  alimentary  canal  which 
intervenes  between  the  mouth  and  the  ccaophogus  is  termed  the 
Pliaryjix  (fig.  146).  It  will  sufQce  here  to  mention  that  it  ia  con- 
Btructed  of  a  series  of  three  muscIeB  with  striated  fibres  {coh- 
tlrielors),  which  are  covered  by  a  thin  fascia  externally,  and  are 
lined  internally  by  a  strong  fascia  (pharyngeal  aponeurosis),  on  the 
inner  aspect  of  which  is  areolar  (submucous)  tissue  and  mucous 
membrane,  continuous  with  that  of  the  mouth  and,  in  so  far  as 
the  part  concerned  in  swallowing  ia  coa- 
Hg.  148.*  cemed,  identical  with  it  in  general  struc- 

ture. The  epithelium  of  this  part  oif  the 
pharynx,  like  that  of  the  mouth,  is  lamin- 
ated and  squamous. 

The  pharynx    is    well    supplied    with 
mucous  glands  (fig.  149). 

The  ToaailB. — Between  the    anterior 

and  posterior  arches  of  the   soft  palate 

are  situated  the  Tomtit,  one  on  each  side. 

A  tonsil  consists  of  an  elevation  of  the 

mucous  membrane  presenting  la  to  15    orifices,  which  lead  into 

*  Fig.  14S.  Lingnal  follicle  or  eiypt.  a,  Involation  of  macoua  membniu 
with  its  papilln  ;  b,  lymphoid  tissue,  with  several  lymphoid  sacs  (Frey). 

The  toDul  is  constructed  esseutiaily  of  a  mass  of  follicles  or  crypts,  mors 
or  less  similar  to  the  above,  tofNther  with  macoua  ^{laadi^  the  ducts  of  which 
open  into  the  bottom  of  the  follicles. 
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GiTptB  or  recesses,  ia  the  walls  of  which  are  placed  nodules 
of  lymphoid  tissue  (fig.  148).  These  nodules  are  enveloped 
n  a  less  dense  adenoid  tissue  which  reaches  the  mucous  surfoce. 
The  suriace  is  covered  with  squamouB  epithelium,  and  may  present 
rudimentary  papillte  formed  of  adenoid  tissue.  The  tonsil  is 
Fig.  i49.» 


O-'' 


boonded  by  a  fibrous  capsule.  Into  the  ciypts  open  a  nmnber 
of  ducts  of  mucous  glands. 

The  viscid  secretion  which  exudes  from  the  tonsils  serves  to 
lubricate  the  bolus  of  food  as  it  passes  them  in  the  second  part  of 
tlte  act  of  d^lutition. 

Tbe  (EEsophagiu  or  Gullet- — The  (Eiophagua  or  Gullet  (6g. 
146),  the  nanxiwest  portion  of  the  alimentaiy  canal,  is  a  muscular 

*  Rg.  149.  Sectian  of  ■  mncoiu  gland  from  th«  toogue.  A.  Opening  of 
die  dnct  on  the  free  tatbxx.  C.  Basement  membrane  with  nuclei  B' 
nattesed  epithelial  cells  lining  dnct.  The  duct  dirides  into  oereral  bisnches, 
vUehneeonvolatedandendbliDdly,  being  lined  tbrouKhoatbjcoIammiTepi- 
**>*i"™«  D.  Lonun  of  oneof  tlie  tubnli  of  the  glind.  x  90.  (Eleia  tnd 
VridaSBitb.) 
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and  mucous  tube,  nine  or  ten  inches  in  length,  which  extends  from 
the  lower  end  of  the  pharynx  to  the  cardiac  orifice  of  the  stomach. 

Struoture. — The  oesophagus  is  made  up  of  three  chief  layers 
or  coats — the  outer  mugculavy  the  middle  areolar  or  sub-mucous, 
and  the  innermost  mttcous. 

The  muscular  coat,  which  Is  covered  externally  by  connective 
tissue,  consists  of  two  layers  of  fibres — the  outer  being  longitu- 
dinal, and  the  inner  circular.  At  the  upper  end  of  the  oesophagus, 
the  fibres  of  both  these  layers  are,  for  the  most  part,  striated ; 
but,  as  we  descend,  the  proportions  of  striated  and  plain  fibres  are 
gradually  reversed,  and  only  the  latter  are  found  in  the  lower  half 
of  the  tube. 

The  mucous  membrane,  which,  when  the  oesophagus  is  not 
distended,  is  thrown  into  numerous  longitudinal  folds  or  rugoBy  is 
provided  with  minute  papillce,  which  are  buried  beneath  the  thick 
laminated  squamous  epithelium,  with  which  the  tube  is  lined. 

A  considerable  number  of  mucous  glands  are  seated  in  the  sub- 
mucous tissue,  and  their  ducts  perforate  the  mucous  membrane  to 
open  on  its  inner  surface. 

In  uewly-bom  children  the  mucous  membrane  exhibits,  in 
many  parts,  the  structure  of  lymphoid  tissue  (Klein). 

Between  the  mucous  membrane  and  the  sub-mucous  coat  is  a 
well-defined  layer  of  plain  muscular  fibres  (quite  distinct  from  the 
layers,  before  mentioned,  of  the  proper  muscular  coat),  termed  the 
muscularis  miLcosce  ;  the  fibres  of  which,  however,  do  not  form  a 
distinct  layer  in  the  upper  part  of  the  tube. 

Blood-  and  lymph-vessels,  and  nerves,  are  distributed  in  the 
walls  of  the  oesophagus.  Between  the  outer  and  inner  layers  of 
the  muscular  coat,  ganglia  of  Auerbach  are  also  found. 

Swallowing  or  Deglutition. — When  properly  masticated,  the 
food  is  transmitted  in  successive  portions  to  the  stomach  by  the 
act  of  deglutition  or  swallomng.  This  act,  for  the  purpose  of 
description,  may  be  divided  into  three  parts.  In  the  first,  particles 
of  food  collected  to  a  morsel  glide  between  the  surface  of  the 
tongue  and  the  palatine  arch,  till  they  have  passed  the  anterior 
arch  of  the  fauces ;  in  the  second,  the  morsel  is  carried  through 
the  pharynx ;  and  in  the  third,  it  reaches  the  stomach  through  the 
oesophagus.     These  three  acts  follow  each  other  rapidly. 

(i.)  The  first  part  of  the  act  of  deglutition  may  be  voluntaiy. 
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although  it  is  UBoally  performed  unconscioiisly ;  the  morsel  of 
foody  when  sufficiently  masticated,  being  pressed  between  the 
tongue  and  palate,  by  the  agency  of  the  muscles  of  the  former,  in 
such  a  manner  as  to  force  it  back  to  the  entrance  of  the  pharynx. 

(2.)  The  second  act  of  deglutition  is  the  most  complicated, 
because  the  food  must  pass  by  the  posterior  orifice  of  the  nose  and 
the  upper  opening  of  the  larynx  without  touching  them.  When 
it  has  been  brought,  by  the  first  act,  between  the  anterior  arches 
of  the  palate,  it  is  moved  onwards  by  the  tongue  being  carried 
backwards,  and  by  the  muscles  of  the  anterior  arches  contracting 
on  it  and  then  behind  it.  The  root  of  the  tongue  being  retracted, 
and  the  larynx  being  raised  with  the  pharynx  and  carried  for- 
-wards  under  the  base  of  the  tongue,  the  epiglottis  is  pressed  over 
the  upper  opening  of  the  larynx,  and  the  morsel  glides  past  it ; 
the  closure  of  the  glottis  being  additionally  secured  by  the  simul- 
taneous contraction  of  its  own  muscles :  so  that,  even  when  the  epi- 
glottis is  destroyed,  there  is  little  danger  of  food  or  drink  passing 
into  the  larynx  so  long  as  its  muscles  can  act  freely.  At  the  same 
time  the  raising  of  the  soft  palate,  so  that  its  posterior  edge 
touches  the  back  part  of  the  pharynx,  and  the  approximation  of 
the  sides  of  the  posterior  palatine  arch,  which  move  quickly  in- 
wards like  side  ciutains,  close  the  passage  into  the  upper  part  of 
the  pharynx  and  the  posterior  nares,  and  form  an  inclined  plane, 
along  the  under  surface  of  which  the  morsel  descends ;  then  the 
phaiynx,  raised  up  to  receive  it,  in  its  turn  contracts,  and  forces 
it  onwards  into  the  oesophagus. 

(3.)  In  the  third  act,  in  which  the  food  passes  through  the  oeso- 
phagus, every  part  of  that  tube,  as  it  receives  the  morsel  and  is 
dilated  by  it,  is  stimulated  to  contract :  hence  an  undulatory 
contraction  of  the  oesophagus,  which  is  easily  observable  in  horses 
while  drinking,  proceeds  rapidly  along  the  tube.  It  is  only  when 
the  morsels  swallowed  are  large,  or  taken  too  quickly  in  succes- 
sion, that  the  progressive  contraction  of  the  oesophagus  is  slow, 
and  attended  with  pain.  Division  of  both  pneumogastric  nerves 
paralyses  the  contractile  power  of  the  oesophagus,  and  food  accord- ' 
ingiy  accumulates  in  the  tube  (Bernard). 

The  second  and  third  parts  of   the  act  of  deglutition  are 
mvolontary. 

Verre-Mechaninn  concerned  in  Deglutition. — The  nerves 
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engaged  in  the  reflex  act  of  deglutition  are,  mainly,  sensory 
branches  of  the  fifth  cerebral,  glosso-pharyngeal,  and  pneumo- 
gastric  nerves ;  while  the  motor  fibres  concerned  are  branches  of 
the  fifth,  the  facial,  the  glosso-pharyngeal,  the  pneumo-gastric, 
and  spinal  accessory,  and  the  hypoglossal  The  nerve-centre  by 
which  the  muscles  are  harmonised  in  their  action,  is  situate  in  the 
medulla  oblongata.  In  the  movements  of  the  oesophagus,  the 
ganglia  contained  in  its  walls,  with  the  pneumo-gastrics,  are  the 
nerve-structures  chiefly  concerned. 

It  is  important  to  note  that  the  swallowing  both  of  food  and 
drink  is  a  muscular  act,  and  can,  therefore,  take  place  in  opposition 
to  the  force  of  gravity.  Thus,  horses  and  many  other  animals  habi  tu- 
ally  drink  up-hill,  and  the  same  feat  can  be  performed  by  jugglers. 

DIGESTION   OF   FOOD   IN   THE  STOMACH. 

Struoture  of  the  Stomaoh. — In  man  and  those  Mammalia 
which  are  provided  with  a  single  stomach,  its  walls  consist  of  four 
distinct  layers  or  coats,  viz.,  an  external  peritoneal,  a  muscular,  a 
submucous,  and  a  mucous  coat;  with  blood-vessels,  lymphatics, 
and  nerves  distributed  in  and  between  them. 

The  peritoneal  coat  has  the  structure  of  serous  membranes  in 
general.    (See  Serous  Membranes) 

The  muscular  coat  of  the  stomach  consists  of  .three  separate 
layers  or  sets  of  fibres,  which,  according  to  their  several  direc- 
tions, are  named  the  longitudinal,  circular,  find  oblique.  The 
longitudinal  set  are  the  most  superficial :  they  are  continuous 
with  the  longitudinal  fibres  of  the  oesophagus,  and  spread  out  in 
a  diverging  manner  over  the  great  end  and  sides  of  the  stomach. 
They  extend  as  far  as  the  pylorus,  being  especially  distinct  at 
the  lessor  or  upper  curvature  of  the  stomach,  along  wtiich  they 
pass  in  several  strong  bands.  The  next  set  are  the  circular  or 
transverse  fibres,  which  more  or  less  completely  encircle  all  parts 
of  the  stomach ;  they  are  most  abundant  at  the  middle  and  in 
the  pyloric  portion  of  the  organ,  and  form  the  chief  part  of  the 
thick  projecting  ring  of  the  pylorus.  According  to  Pettigrew, 
these  fibres  are  not  simple  circles,  but  form  double  or  figure-of-3 
loops,  the  fibres  intersecting  very  obliquely.  The  next,  and  con- 
sequently deepest  set  of  fibres,  are  the  chliqiu,  continuous  with 
the  circular  muscular  fibres  of  the  oesophagus,  and,  according  to 
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Pettigrew,  vith  the  some  double-looped  arrangemeot  that  pre- 
vails in  the  preceding  layer :  the;  are  comparatively  few  in 
nnmber,  and  are  placed  only  at  the  cardiac  orifice  and  portion 
ctf  the  stomach,  otcf  both  sur&ces  of  which  they  are  spread, 
some  passing  obliquely  from  left  to  right,  others  &om  right  to 
left,  around  the  cardiac  orifice,  to  which,  by  their  interlacing, 
they  fonn  a  kind  of  sphincter,  continuous  with  that  around  the 
lower  end  of  the  (esophagus.  The  muscular  fibres  of  the  stomach 
and  of  the  intestinal  canal  are  umtriped,  being  composed  of 
elongated,  Bpindle-shapcd  fibre-cells.     (See  Section  on  Muscle.) 

The  mueoui  membrane  of  the  stomach,  which  rests  upon  a  layer 
of  loose  cellular  membrane,  or  submucous  tissue,  is  smooth,  level, 
soft,  and  velvety  \  of  a  pole  pink  colour  during  life,  and  in  the 
contracted  state  is  thrown  into  numerous,  chiefly  longitndinal, 
folds  or  rugte,  which  disappe^  when  the  organ  is  distended. 

In  its  general  atructuro  the  mucous  membrane  of  the  stomach 
resembles  that  of  other  parts.  (See  Structure  of  Mucous  Mem- 
brane.) But  there  are  certain  peculiarities  shared  witb  the 
mucous  membrane  of  the  smalt  and  large  intestines,  which, 
doubtless,  are  connected  with  the  peculiar  functions,  especially 
those  relating  to  absorption,  which  these  parts  of  the  alimentoty 
canal  perform. 

Entering  largely  into  the  construction  of  the  mucous  mem< 
brane,  especially  in  the  superficial  part  of  the  coriwn,  is  a  quantity 
of  a  very  delicate  adenoid  tissue. 

At  the  deepest  part  of  the  mucous  membrane,  are  two  layers  (cir- 
eolar  and  longitudinal)  of  unstriped  muscular 
fibres,  called  the  mutadarU  mucoicE  (fig.  151).  Fi(i.  i?o. 

When  examined  with  a  lens,  the  internal 
<v  free  surface  of  the  stomach  presents  1 
peculiar  honeycomb  appearance,  produced 
by  shallow  polygonal  depressions  (fig.  150), 
the  diameter  of  which  varies  generally  from  1 
-j^th  to  T^th  of  an  inch  ;  but  near  tho 
jF]rh»iia  is  as  much  as  7-}?^^  ^^  "^  >°<^b- 
Tbey  are  separated  by  slightly  elevated  ridges,  which  sometimes, 

*  Rg.  150.  Smill  portion  o(  the  surface  of  the  mucoas  membrane  of  the 
ttiiwf  h  The  apadnien  showi  the  ehiUow  dcpreraioiu,  in  each  of  which  tho 
tuaBin  dark  apoti  indicate  the  orifices  of  a  Tarioble  number  of  the  gastric 
tabular  ^buidi.     »  ja    (Ecker.) 
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are  lined  irith  colnnmar  epithelium.  Of  the  gland  tube  proper,  i.e., 
the  part  of  the  gland  below  the  duct,  the  upper  third  is  the  ntd: 
and  the  rest  the  body.  The  neck  is  narrower  than  the  body,  and 
is  lined  with  granular  cubical  cells  which  tire  continuous  with  the 
columnar  cells  of  the  duct.  Between  these  cells  and  the  mem- 
brana  propria  of  the  tubes,  are  large  oval  or  spherical  cells,  opaque 
or  granular  in  appearance,  with  clear  oval  nuclei,  bulging  on  the 
membrona  propria ;  these  cells  are  called  peptie  or  parietal  ceils. 

Pig.  153' 


They  do  not  fonn  a  continuous  layer.  The  body,  which  is  broader 
than  the  neck  and  terminates  in  a  blind  extremity  or  fundtu  near 
the  mnscnlaris  muoosEe,  is  lined  by  cells  continuous  with  the 
cubical  or  central  cells  of  the  neck,  but  longer,  more  columnar 
and  more  transparent.  In  this  part  are  a  few  parietal  cells  of  the 
same  kind  aa  in  the  neck  (fig.  153). 

As  the  pylorus  is  approached  the  gland  ducta  become  longer, 
and  the  tube  proper  shorter,  and  occasionally  branched  at  the 
fundna. 


•Kg.  1 


12.  The  (^utric  gluuU  of  ttie  human  Btomoch  (magnified),  o, 
if  ■  pyloric  {fuitric  gUnd  {Ki511iket) ;  (hs  cjUndric^  epithelium  is 
0  tba  oeod  extremitiea.  b,  end  c,  cardiac  gutric  glanda  (Allen 
TbomaoB) ;  (,  Tirtical  sectioD  of  a  nniU  portion  of  the  macous  membrsna 
with  the  ^uiiiU  magnified  30  dUmetera  ;  c,  deeper  portion  of  one  of  the  gknds, 
"  d  65  dianeter*,  ihowing  a  aligbt  diviaion  of  the  tuhei,  and  a  saccn* 
,  pradnced  bj  tlie  la^  ^andolar  cells  witliin  tham ;  1^ 
ts  of  the  fafitJM^  glands  muunfied  250  dianieteiv. 

V  2 


(b)  Pphric  Gland*. — ^llieBe  glaiida  (a,  fig.  153)  have  much  longer 
ducts  tluua  the  peptiu  glands.    Into  each  duct  two  or  three  tubes 


open  by  very  short  and  narrow  necks,  and  the  body  of  each  tube  is 

*  Fig.  153.  Prom  a  vertical  aection  through  the  macou  meiubnna  <t 
fandos  of  rtomach.  Two  peptic  glanda  are  shown  with  a  duct  commoo  to 
both,  one  gluid  oiHj  in  part,  a,  duut  with  columnai  epithelium  becomii^ 
■hoTtar  M  the  cells  are  traced  downward,  n,  neck  of  gland  tabet,  with  central 
and  parietal  or  so-called  peptic  cells,  b,  fundus  with  cnrred  CKcal  extmmi^ — 
the  paiietftlcallam  not  aoniunerous  here,    x  400.   (Klein  and  Noble  SmiA.) 
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iimuched,  wa^,  and  convoluted.  The  lumen  is  Tery  lai:ge.  The 
dacts  are  lined  vith  columnar  epithelium,  and  the  neck  and  body 
with  shorter  and  more  granular  cubical  cells  which  correspond 
with  tlie  central  cells  of  the  peptic  glands.  During  secretion  the 
cells  become,  as  in  the  case  of  the  peptio  glands,  larger  and  less 

Fig.  iss-t 


granular,  with  the  nuclei  compressed  and  close  to  the  membrana 
propria.  As  thej  approach  the  duodenum  the  pyloric  glands 
become  laiger,  more  convoluted  and  deeper,  and  are  directly 
continuous  with  Bmnner's  glands  (p.  314),  which  they  somewhat 
resemble  in  structure. 

I^mphatioa. — Lymphatic  vessels  surround  the  gland  tubes  to 
a  greater  or  less  extent.  Towards  the  fundus  of  the  peptio  glands 
are  found  masses  of  lymphoid  tissue  which  may  appear  as  distinct 
follicles,  somewhat  like  the  soLtaiy  glands  of  the  small  intestina 

The  blood-vessels  of  the  stomach,  which  first  break  up  in  the 
■ubmncouB  tisane,  send  branches  upward  between  the  closely 

*  Fig.  154.  Tnnirerae  section  through  lower  pert  of  peptic  glondi  of  a 
cat  (Frey].  a.  Peptic  ceUj.  b.  Small  (phanuilal  or  cuhical  cells,  e.  Tnuis- 
VBM  Mctiou  of  eapUluiea 

t  Rg<  155.  FUn  of  tLe  blood-Tesaela  of  the  stomach,  as  thaf  would  be  wen 
IB  a  vertini  nctioa.  a,  .Arteriea,  paaaing  up  from  the  vessels  of  gnbmncoui 
eort ;  b,  capillutea  hnochinK  between  and  around  the  tubes  ;  e,  anpeificial 
llgnia  of  capilUriea  occuppng  tho  ridges  of  the  mucous  meubraue  ;  d,  vein 
famed  by  the  union  of  voins  which,  having  collect«d  the  blood  of  the  snpei- 
idal  cqillHy  plexn*,  are  M«n  passing  down  between  the  tubes  (Briuton}. 
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packed  glandular  tubes,  anastomosing  around  them  by  means  of  a. 
fine  capillary  network  with  oblong  meshes.  Continuous  with  this 
deeper  plexus,  or  prolonged  upwards  from  it,  so  to  speak,  is  a 
more  superficial  network  of  lai^r  capillaries,  which  branch  densely 
around  the  orifices  of  the  tubes,  and  form  the  framework  on  which 
are  moulded  the  small  elevated  ridges  of  mucous  membrane 
bounding  the  minute,  polygonal  pits  before  referred  to.  From* 
this  mperjicial  network  the  veins  chiefly  take  their  origin.  Thence 
passing  down  between  the  tubes,  with  no  very  fr*ee  connection 
with  the  deeper  inter4uhtdar  capillary  plexus,  they  open  finally 
into  the  venous  network  in  the  submucous  tissue. 

Nerves  of  Stomach. — ^The  nerves  of  the  stomach  are  derived 
from  the  pneumogastric  and  sympathetiCi  and  form  a  plexus  in 
the  submucous  and  muscular  coats,  containing  many  ganglia 
(Remak,  Meissner). 

Gastrio  Juice. — While  the  stomach  contains  no  food^  and  is 
inactive,  no  gastric  fluid  is  secreted ;  and  mucus,  which  is  either 
neutral  or  slightly  alkaline,  covers  its  surface.  But  immediately 
on  the  introduction  of  food  or  other  substance  into  the  stomach, 
the  mucous  membrane,  previously  quite  pale,  becomes  slightly 
turgid  and  reddened  with  the  influx  of  a  larger  quantity  of  blood  j 
the  gastric  glands  commence  secreting  actively,  and  an  acid  fluid 
is  poured  out  in  minute  drops,  which  gradually  run  together  and 
flow  down  the  walls  of  the  stomach,  or  soak  into  the  substances 
introduced. 

The  first  accurate  analysis  of  the  gastric  fluid  was  made  by  Dr.  Prout : 
but  it  does  not  appear  that  it  was  collected  in  any  large  quantity,  or  pure 
and  separate  from  food,  until  the  time  when  Dr.  Beaumont  was  enabled,  by 
a  fortimate  circumstance,  to  obtain  it  from  the  stomach  of  a  man  named  St. 
Martin,  in  whom  there  existed,  as  the  result  of  a  gunshot  wound,  an  opening 
leading  directly  into  the  stomach,  near  the  upper  extremity  of  the  great 
curvature,  and  three  inches  from  the  cardiac  orifice.  The  introduction  of 
any  mechanical  irritant,  such  as  the  bulb  of  a  thermometer,  into  the  stomach, 
excited  at  once  the  secretion  of  gastric  fluid.  This  could  be  drawn  off  with  a 
caoutchouc  tube,  and  could  often  be  obtained  to  the  extent  of  nearly  an 
ounce.  The  introduction  of  alimentary  substances  caused  a  much  more 
rapid  and  abundant  secretion  of  pure  gastric  fluid  than  the  presence  of  other 
mechanical  irritants  did.  No  increase  of  temperature  could  be  detected 
during  the  most  active  secretion  ;  the  thermometer  introduced  into  the 
stomach  always  stood  at  loo*'  Fahr.,  except  during  muscular  exertion,  when 
the  temperature  of  the  stomach,  like  that  of  other  parts  of  the  body,  rose  one 
or  two  degrees  higher. 
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H.  Blondlot,  and  snbseqaentlj  M.  Bernard,  and  Bcveral  others,  by  main- 
taining fistoloos  openings  into  the  stomachs  of  dogs,  have  confirmed  most  of 
the  &ct8  discovered  by  Dr.  Beaumont. 

Dr.  Beaumont  described  the  secretion  of  the  human  stomach 
as  '*a  clear  transparent  fluid,  inodorous,  a  little  saltish,  and  very 
perceptibly  acid.  Its  taste  is  similar  to  that  of  thin  mucilaginous 
water,  slightly  acidulated  with  miuriatic  acid.  It  is  readily  dif- 
fusible in  water,  wine,  or  spirits.  It  possesses  the  property  of 
coagulating  albumen  in  an  eminent  degree.'' 

The  chemical  composition  of  the  gastric  juice  of  the  human 
subject  has  been  more  lately  investigated  by  Schmidt ;  a  favour- 
able case  for  his  doing  so  occiuring  in  tho  person  of  a  peasant 
named  Catherine  EUtt,  aged  35,  who  for  three  years  had  had  a 
gastric  fistula  imder  the  left  mammary  gland,  between  the  carti- 
lages of  the  ninth  and  tenth  ribs. 

The  fluid  was  obtained  by  putting  into  the  stomach  some  hard 
indigestible  matter,  as  dry  peas,  and  a  little  water,  by  which 
means  the  stomach  was  excited  to  secretion,  at  the  same  time  that 
the  matter  introduced  did  not  complicate  the  analysis  by  being 
digested  in  the  fluid  secreted.  The  gastric  juice  was  drawn  off 
through  an  elastic  tube  inserted  into  the  fistula. 

The  fluid  thus  obtained  was  acid,  limpid,  and  odourless,  with 
a  mawkish  taste.  Its  density  varied  from  1*0022  to  i'oo24. 
Under  the  microscope  a  few  cells  from  the  gastric  glands  and 
some  fine  granular  matter  were  observable. 

The  following  table  gives  the  mean  of  two  analyses  of  tho 
above-mentioned  fluid ;  and  arranged  by  the  side  of  it,  for  pur- 
poses of  comparison,  is  an  analysis  of  gastric  juice  from  the  sheep 
and  dog. 

Composition  of  Gustrio  Juice. 

Human  Sheep^s  Dog's 

Gastric  Juice.    Gastric  Juice.    Gastric  Juice. 

Water 994'40  986*14  97i*i7 

Solid  Constituents       .        .    .        5*59  13-85  28*82 

/Ferment   ....  3*19  4*20  17*50 

Hydrochloric  Acid        .    .  0*20  1*55  2*70 

Chloride  of  Calcium         .  o'o6  cii  1*66 

Solids.  (         „           Sodium.        .  1*46  4*36  3*14 

„            Potassium      .  0:55  1*51  1*07 
Phosphate     of     Calcium, 

^    Maguesinm,  and  Iron    .  0*12  2*09  273 
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The  quantity  of  gastric  juice  secreted  doily  has  been  yariouslj 
estimated ;  but  the  average  for  a  healthy  adult  may  be  assumed 
to  range  firom  ten  to  twenty  pints  in  the  twenty-four  hours 
(Brinton). 

The  free  acid  contained  in  the  gastric  juice,  is  hydrocIUorie, 
although  others,  as  lactic,  acetic,  butyric,  are  not  unfirequently  to 
be  foimd  therein  as  products  of  gastric  digestion.  The  amount  of 
hydrochloric  acid  given  in  the  above  table  ('2  in  1000)  is  probably 
below  the  standard  of  health. 

Pepsin  is  a  nitrogenous  ferment  which  can  be  procured  by 
digesting  portions  of  the  mucous  membrane  of  the  stomach  in  cold 
water,  after  they  have  been  macerated  for  some  time  in  water  at 
a  temperature  between  80°  and  100°  F.  The  warm  water  dissolves 
various  substances  as  well  as  some  of  the  pepsin,  but  the  cold 
water  takes  up  little  else  than  pepsin,  which,  on  evaporating  the 
cold  solution,  is  obtained  in  a  greyish-brown  viscid  fluid.  The  addi- 
tion of  alcohol  throws  down  the  pepsin  in  greyish-white  flocculi.  A 
glycerin-extract  of  the  mucous  membrane  of  the  stomach  which 
has  the  properties  of  the  gastric  juice,  may  be  made  by  mincing 
the  mucous  membrane,  getting  rid  of  its  superfluous  moisture  and 
throwing  it  into  concentrated  glycerin.  The  decanted  glycerin 
forms  a  powerful  artificial  juice  containing  no  peptone. 

According  to  Heidenhain,  the  central  or  cubical  cells  'of  the  gastric 
glands  secrete  pepsin  or  something  from  which  pepsin  is  formed  (pep-, 
sinogen),  and  the  ovoid  parietal  cells  secrete  the  hydrochloric  acid.  This 
author  has  also  shown  that  the  pyloric  glands  contain  a  substance  which 
in  the  presence  of  hydrochloric  acid  has  proteolytic  powers,  and  without  it 
rapidly  curdles  milk. 

Gastrio  Digestion. — The  digestive  power  of  the  gastric  juice 
depends  on  the  pepsin  and  acid  contained  in  it,  both  of  which  are, 
under  ordinary  circumstances,  necessary  for  the  process. 

The  general  effect  of  digestion  in  the  stomach  is  the  conversion 
of  the  food  into  cJit/me,  a  substance  of  various  composition  accord- 
ing to  the  nature  of  the  food,  yet  always  presenting  a  character- 
istic thick,  pultaceous,  grumous  consistence,  with  the  undigested 
portions  of  the  food  mixed  in  a  more  fluid  substance,  and  a  strong, 
disagreeable  acid  odour  and  taste. 

Action  of  Gkwtrio  Juice. — ^The  chief  action  of  the  gastric 
juice  is  to  convert  proteids  into  peptones.     The  same  results  are  pro- 
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duced  with  gastric  juice  obtained  by  means  of  an  accidental  fistula 
from  the  human  stomach  (or  from  the  stomach  of  an  animal  in 
which  a  fistula  has  been  artificially  made),  or  with  artificial  gastric 
juice  prepared  from  pepsin  and  dilute  hydrochloric  acid,  or  with  a 
glycerin-eztract  of  the  mucous  membrane. 

If  a  little  gastric  juice  be  added  to  some  diluted  egg  albimiin, 
and  kept  at  a  temperature  of  about  100°  F.,  after  a  time  it  is 
found  that  the  albumin  cannot  be  precipitated  on  boiling.  If  the 
solution  be  neutralised  with  an  alkali,  a  precipitate  of  acid  albu- 
min is  thrown  down,  but  it  evidently  is  not  the  whole  of  the 
proteid  contained  in  the  solution,  as  the  filtrate  will  give  most 
of  the  tests  for  prpteids.  After  a  while  the  proportion  of  acid 
albumin  diminishes,  so  that  at  last  scarcely  any  precipitate  results 
on  neutralisation,  and  it  is  found  that  all  the  albumin  has  been 
changed  into  another  proteid  substance.     This  is  called  peptone. 

The  Main  DifTerenoes  between  Peptones  and  other 
Proteids  are — 

1.  They  are  diffimbU. 

2.  They  cannot  be  precipitated  by  heat,  nitric,  or  acetic  acid, 
and  ferrocyanide  of  potassium.  They  are,  however,  thrown  down 
by  tannic  acid,  and  by  perchloride  of  mercury. 

3.  They  are  very  soluble  in  water  and  in  neutral  saline  solutions. 
In   the  first-named  quality  peptones   differ  remarkably  from 

albumin,  and  on  its  possession  depends  one  of  their  chief  uses. 
Albumin  as  such,  even  in  a  state  of  solution,  would  be  of  little 
service  as  food,  inasmuch  as  its  indififusibility,  or  low  endos- 
motic  power,  would  eflfectually  prevent  its  passing  by  absorption 
into  the  blood-vessels  of  the  stomach  and  intestinal  canal. 
Changed,  however,  by  the  action  of  the  gastric  juice  into  pep- 
tones, albtuninous  matters  diffuse  readily,  and  are  thus  quickly 
absorbed.  In  other  words,  so  far  as  their  dififusibility  is  con- 
cerned, they  have  ceased  to  be  colloid,  and  have  in  this  respect 
become  allied  to  the  crystalloids, 

Prodnots  of  Gastrio  Digestion. — The  chief  product  is  un- 
ionbtedly  peptone.  We  have  seen,  however,  in  the  above 
experiment  that  there  is  a  by-product,  and  this  is  almost 
identical  with  sjmtonin  or  acid  albumin.  This  body  is  probably 
act  exactly  identical,  however,  with  syntonin,  and  its  old  name  of 
fanqteptane  had  better  be  retained.    There  are  several  modifica- 
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tions  of  peptone.  Meissner  describes  three  sorts  which  he  distin- 
guishes by  the  terms  a,  by  and  e  peptones ;  while  other  allied 
substances,  also  formed  during  digestion,  have  been  named  by  the 
same  authority  parapeptone,  metapeptone^  and  dyspepione, 

CirouniBtanoes  favouring  Gastrio  Digestion. — i.  A  tem- 
perature of  about  loo**  F. ;  whereas  at  32°  F.  it  is  delayed,  and 
by  boiling  is  altogether  stopped. 

2.  An  acid  medium  is  necessary,  and  a  proportion  of  acid  con- 
siderably over  that  given  in  the  table.  Hydrochloric  is  the  best 
acid  for  the  purpose.  Excess  of  acid  or  neutralisation  stops  the 
process. 

3.  The  removal  of  the  products  of  digestion.  Excess  of  peptone 
delays  the  action. 

Aotion  of  Pepsin. — ^The  nature  of  the  action  by  which  pepsin 
and  dilute  acid  effect  a  solution  of  albuminous  substances  is  not 
well  understood.  Pepsin  probably  acts  the  part  of  a  hydrolytic 
ferment  (p.  283).  It  seems  probable  that  there  is  a  distinct  de- 
pendence of  the  pepsin  on  the  hydrochloric  acid,  and  some  believe 
that  they  unite  into  a  distinct  compound.  Under  certain  condi- 
tions, by  the  action  of  acids  peptone  may  be  formed  from  albumen 
in  the  absence  of  pepsin ;  its  presence,  therefore,  is  probably  to 
render  the  change  easier  and  more  rapid. 

Action  of  the  Gastric  Juice  on  Nitrogenous  Bodies 
other  than  Proteids. — All  proteids  are  converted  by  the  gastric 
juice  into  peptones,  and,  therefore,  whether  they  be  taken  into 
the  body  in  meat,  eggs,  milk,  bread,  or  other  foods,  the  resultant 
still  is  peptone.  Milk  is  ciirdled,  then  dissolved.  The  curdling  is 
probably  due  to  a  special  ferment  of  the  gastric  juice  (curdling 
ferment).  Gelatin  is  dissolved  and  changed  into  peptone,  as  are 
also  chondrin  and  elastin  ;  but  mucin,  and  the  homy  tissues  gene- 
rally are  unaffected. 

After  entering  the  blood  the  peptones  are  very  soon  again 
modified,  so  as  to  re-assume  the  chemical  characters  of  albumin, 
a  change  as  necessary  for  preventing  their  diffusing  out  of  the 
blood-vessels,  as  the  previous  change  was  for  enabling  them  to 
pass  in.  This  is  effected,  probably,  in  great  part  by  the  agency  of 
the  liver. 

Other  Actions  of  the  Gastrio  Juice. — It  has  no  action  on 
the  amylaceous  articles  of  food,  or  upon  pure  oleaginous  principlea 
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In  the  case  of  adipose  tissue,  its  effect  is  in  great  part  produced 
by  the  solution  of  the  areolar  tissue,  albuminous  cell-walls,  etc., 
which  enter  into  its  composition,  by  which  means  the  fat  is  able  to 
mingle  more  imiformly  with  the  other  constituents  of  the  chyme. 

The  gastric  fluid  acts  as  a  general  solvent  for  some  of  the 
saline  constituents  of  the  food,  as,  for  example,  particles  of 
common  salt,  which  may  happen  to  have  escaped  solution  in  the 
saliva ;  while  its  acid  may  enable  it  to  dissolve  some  other  salts 
which  are  msoluble  in  the  latter  or  in  water.  It  also  dissolves, 
but  does  not  act  upon,  sugar. 

The  action  of  the  gastric  juice  in  preventing  and  checking 
putrefaction  has  been  often  directly  demonstrated.  Indeed,  that 
the  secretions  which  the  food  meets  with  in  the  alimentaiy 
canal  are  antiseptic  in  their  action,  is  what  might  be  antici- 
pated, not  only  from  the  proneness  to  decomposition  of  organic 
matters  such  as  those  used  as  food,  especially  under  the  in- 
fluence of  warmth  and  mois'Jtire,  but  also  from  the  well-known 
&ct  that  decomposing  flesh  (e.^.,  high  game)  may  be  eaten  with 
impunity,  while  it  would  certainly  cause  disease  were  it  allowed  to 
enter  the  blood  by  any  other  route  than  that  formed  by  the 
organs  of  digestion. 

Sffect  of  Digestion  upon  various  Food-substanoes. — 
The  general  results  of  examinations,  by  Dr.  Rawitz,  as  regards 
animal  food,  show  that  muscular  tissue  breaks  up  into  its  con- 
stituent fasciculi,  and  that  these  again  are  divided  transversely  ; 
gradually  the  transverse  strice  become  indistinct,  and  then  dis- 
appear ;  and  finally,  the  sarcolemma  seenLS  to  be  dissolved,  and 
no  trace  of  the  tissue  can  be  foimd  in  the  chyme,  except  a  few 
fragments  of  fibres.  These  changes  ensue  most  rapidly  in  the 
flesh  of  fish  and  hares,  less  rapidly  in  that  of  poultry  and  other 
nnimalw.  The  cells  of  cartilage  and  fibro-cartilage,  except  those  of 
fish,  pass  unchanged  through  the  stomach  and  intestines,  and  may 
be  foond  in  the  fiBces.  The  interstitial  tissues  of  these  structiu*cs 
are  converted  into  pulpy  texturcloss  substances  in  the  artificial 
digestive  fluid,  and  are  not  discoverable  in  the  fieces.  Elastic 
fibres  are  almost  unchanged  in  the  digestive  fluid.  Fat-cells  are 
sometimes  found  quite  unaltered  in  the  fseces:  and  crystals  of 
dbolesterin  may  usually  be  obtained  from  forces,  especially  after 
the  use  of  pork  £Eit 
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As  regards  vegetable  substances.  Dr.  Rawitz  states,  that  he 
frequently  found  large  quantities  or  cell-membranes  imchauged 
in  the  fa)ces ;  also  starch-cells,  commonly  deprived  of  only  part 
of  their  contents.  The  green  colouring  principle,  chlorophyll, 
was  usually  unchanged.  The  walls  of  the  sap-vessels  and  spiral 
vessels  were  quite  unaltered  by  the  digestive  fluid,  and  were 
usually  found  in  large  quantities  in  the  fteces ;  their  contents, 
probably,  were  removed. 

Time  occupied  in  Gkwtrio  Digestion. — Under  ordinary 
conditions,  from  three  to  four  hours  may  be  taken  as  the  average 
time  occupied  by  the  digestion  of  a  meal  in  the  stomach.  But 
many  circumstances  will  modify  the  rate  of  gastric  digestion.  The 
chief  are :  the  nature  of  the  food  taken  and  its  quantity  (the 
stomach  should  be  fairly  filled — ^not  distended)  ;  the  time  that  has 
elapsed  since  the  last  meal,  which  should  be  at  least  enough  for 
the  stomach  to  be  quite  clear  of  food ;  the  amount  of  exercise 
previous  and  subsequent  to  a  meal  (gentle  exercise  being  favour- 
able, over-exertion  injurious  to  digestion) ;  the  state  of  mind 
(tranquillity  of  temper  being  essential,  in  most  cases,  to  a  quick 
and  due  digestion) ;  the  bodily  health ;  and  some  others. 

Movements  of  the  Stomach. — It  has  been  already  said,  that 
the  gastric  fluid  is  assisted  in  accomplishing  its  share  in  digestion 
by  the  movements  of  the  stomach.  In  granivorous  birds,  for 
example,  the  contraction  of  the  strong  muscular  gizzard  affords 
a  necessary  aid  to  digestion,  by  grinding  and  triturating  the  hard 
seeds  which  constitute  part  of  the  food.  But  in  the  stomachs  of 
man  and  other  Mammalia  the  motions  of  the  muscular  coat  are  too 
feeble  to  exercise  any  such  mechanical  force  on  the  food ;  neither 
are  they  needed,  for  mastication  has  already  done  the  mechanical 
work  of  a  gizzard ;  and  the  experiments  of  R6aumur  and  Spallau- 
zani  have  demonstrated  that  substances  enclosed  in  perforated 
tubes,  and  consequently  protected  from  mechanical  influence,  are 
yet  digested. 

The  normal  actions  of  the  muscular  fibres  of  the  human 
stomach  appear  to  have  a  three-fold  purpose ;  (i)  to  adapt  the 
stomach  to  the  quantity  of  food  in  it,  so  that  its  walls  may  be  in 
contact  with  the  food  on  all  sides,  and,  at  the  same  time,  may 
exercise  a  certain  amount  of  compression  upon  it ;  (2)  to  keep 
the  orifices  of  the  stomach  closed  until  the  food  is  digested ;  and 
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(3)  to  perform  certain  peristaltic  movements,  whereby  the  food,: 
as  it  becomes  chymified,  is  gradually  propelled  towards,  and 
ultimately  through,  the  pylorus.  In  accomplishing  this  latter 
end,  the  movements  without  doubt  materially  contribute  towards 
effecting  a  thorough  intermingling  of  the  food  and  the  gastric  fluid. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly 
contracted,  its  orifices  not  more  firmly  than  the  rest  of  its  walls ; 
but,  if  examined  shortly  after  the  introduction  of  food,  it  is 
found  closely  encircling  its  contents,  and  its  orifices  are  firmly 
closed  like  sphincters.  The  cardiac  orifice,  every  time  food  is 
swallowed,  opens  to  admit  its  passage  to  the  stomach,  and  imme- 
diately again  closes.  The  pyloric  orifice,  during  the  first  part  of 
gastric  digestion,  is  usually  so  completely  closed,  that  even  when 
the  stomach  is  separated  from  the  intestines,  none  of  its  contents 
escapa  But  towards  the  termination  of  the  digestive  process,  the 
pylorus  seems  to  offer  less  resistance  to  the  passage  of  substances 
from  the  stomach ;  first  it  yields  to  allow  the  successively  digested 
portions  to  go  through  it ;  and  then  it  allows  the  transit  of  even 
undigested  substances. 

From  the  observations  of  Dr.  Beaumont  on  the  man  St.  Martin^ 
it  appears  that  food,  so  soon  as  it  enters  the  stomach,  is  subjected 
to  a  kind  of  peristaltic  action  of  the  muscular  coat,  whereby  the 
digested  portions  are  gradually  moved  towards  the  pylorus. 
The  movements  were  observed  to  increase  in  rapidity  as  the 
process  of  chymification  advanced,  and  were  continued  until  it 
was  completed. 

The  contraction  of  the  fibres  situated  towards  the  pyloric  end 
of  the  stomach  seems  to  be  more  energetic  and  more  decidedly 
peristaltic  than  those  of  the  cardiac  portion.  Thus,  Dr.  Beau- 
mont found  that  when  the  bulb  of  the  thermometer  was  placed 
about  three  inches  from  the  pyrolus,  it  was  tightly  embraced 
from  time  to  time,  and  drawn  towards  the  pyloric  orifice  for  a 
distance  of  three  or  four  inches.  The  object  of  this  movement 
appears  to  be,  as  just  said,  to  carry  the  food  towards  the  pylorus 
as  fast  as  it  is  formed  into  chyme,  and  to  propel  the  chyme  into 
the  duodenum;  the  undigested  portions  of  food  being  kept 
back  until  they  are  also  reduced  into  chyme,  or  until  all  that  is 
digestible  has  passed  out.  The  action  of  these  fibres  is  often 
seen  in  the  contracted  state  of  the  pyloric  portion  of  the  stomach 
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after  death,  when  it  alone  is  contracted  and  firm,  while  the 
cardiac  portion  forms  a  dilated  sac.  Sometimes,  by  a  predomi- 
nant action  of  strong  circular  fibres  placed  between  the  cardia 
and  pylorus,  the  two  portions,  or  ends  as  they  are  called,  of  the 
stomach,  are  separated  from  each  other  by  a  kind  of  hour-glass 
contraction. 

The  interesting  researches  of  Dr.  Brinton  have  clearly  esta- 
blished that,  by  me%ns  of  this  peristaltic  action  of  the  muscular 
•coats  of  the  stomach,  not  merely  is  chymified  food  gradually 
propelled  through  the  pylorus,  but  a  kind  of  double  current  is 
•continually  kept  up  among  the  contents  of  the  stomach,  the 
Ksircumferential  parts  of  the  mass  being  gradually  moved  onward 
towards  the  pylorus  by  the  peristaltic  contraction  of  the  muscular 
fibres,  while  the  central  portions  are  propelled  in  the  opposite 
•direction,  namely,  towards  the  cardiac  orifice ;  in  this  way  is 
kept  up  a  constant  circulation  of  the  contents  of  the  viscus, 
highly  conducive  to  their  free  mixture  Avith  the  gastric  fluid  and 
to  their  ready  digestion. 

Vomiting. — The  mechanism  by  which  the  act  of  vomiting  is 
effected  will  be  best  imderstood  by  referring  to  a  former  chapter  in 
which  various  respiratory  actions  are  considered  (p.  244).  The  ex- 
pulsion of  the  contents  of  the  stomach  in  vomiting,  like  that  of 
mucous  or  other  matter  from  the  lungs  in  coughing^  is  preceded  by 
an  inspiration ;  the  glottis  is  then  closed,  and  immediately  after- 
wards the  abdominal  muscles  stongly  act ;  but  here  occurs  the 
difference  in  the  two  actions.  Instead  of  the  vocal  cords  yielding 
to  the  action  of  the  abdominal  muscles,  they  remain  tightly 
closed.  Thus  the  diaphragm  being  unable  to  go  up,  forms  an 
unyielding  surface  against  which  the  stomach  can  be  pressed. 
It  is  -^ed,  to  use  a  technical  phrase.  At  the  same  time  the 
cardiac  sphincter-muscle  being  relaxed,  and  the  orifice  which  it 
naturally  guards  being  actively  dilated,  while  the  p'ylorm  is 
closed,  and  the  stomach  itself  also  contracting,  the  action  of  the 
abdominal  muscles,  by  these  means  assisted,  expels  the  contents 
of  the  organ  thi-ough  the  oesophagus,  pharynx,  and  mouth.  The 
reversed  peristaltic  action  of  the  oesophagus  probably  increases 
the  effect 

It  has  been  frequently  stated  that  the  stomach  itself  is  quit«  passiTe 
daring  yomiting,  and  that  the  expulsion  of  its  contents  is  effected  solelj  by 
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the  presBiiTe  exerted  upon  it  when  the  capacity  of  the  abdomen  is  diminished 
by  the  contraction  of  the  diaphragm,  and  subsequently  of  the  abdominal 
muscles.  The  experiments  and  observations,  however,  which  are  supposed 
to  confirm  this  statement,  only  show  that  the  contraction  of  the  abdominal 
muscles  alone  is  sufficient  to  expel  matters  from  an  unresisting  bag  through 
the  oesophagus ;  and  that,  under  veiy  abnormal  circumstances,  the  stomach, 
by  itself,  cannot  expel  its  contents.  They  by  no  means  show  that  in  ordi- 
naiy  vomiting  the  stomach  is  passive  ;  and,  on  the  other  hand,  there  are  good 
teaaons  for  believing  the  contraiy. 

It  is  true  that  &cts  are  wanting  to  demonstrate  with  certainty  this  action 
of  the  stomach  in  vomiting  ;  but  some  of  the  cases  of  fistulous  opening  into 
the  organ  appear  to  support  the  belief  that  it  does  take  place  ;*  and  the 
analogy  of  the  case  of  the  stomach  with  that  of  the  other  hollow  viscera,  as 
the  rectum  and  bladder,  may  be  also  cited  in  confirmation. 

The  muscles  which  contract  during  vomiting,  are  chiefly  and 
primarily  those  of  the  abdomen;  the  diaphragm  also  acts, 
but  usually  not  as  the  muscles  of  the  abdominal  walls  do.  They 
contract  and  compress  the  stomach  more  and  more  towards  the 
diaphragm ;  and  the  diaphragm  (which  is  usually  drawn  down  in 
the  deep  inspiration  that  precedes  each  act  of  vomiting)  is  fixed, 
and  presents  an  unyielding  surface  against  which  the  stomach 
may  be  pressed.  The  diaphragm  is,  therefore,  as  a  rule  passive, 
during  the  actual  expulsion  of  the  contents  of  the  stomach.  But 
there  are  grounds  for  believing  that  sometimes  this  muscle 
actively  contracts,  so  that  the  stomach  is,  so  to  speak,  squeezed 
between  the  descending  diaphragm  and  the  retracting  abdominal 
walls  (fig.  145). 

Some  persons  possess  the  power  of  vomiting  at  will,  without 
applying  any  imdue  irritation  to  the  stomach,  but  simply  by  a 
Yolontary  effort  It  seems  also,  that  this  power  may  be  acquired 
by  those  who  do  not  naturally  possess  it,  and  by  continual  prac- 
tice may  become  a  habit  There  are  cases  also  of  rare  occurrence 
in  which  persons  habitually  swallow  their  food  hastily,  and  nearly 
nnmasticated,  and  then  at  their  leisure  regurgitate  it,  piece  by 
piece,  into  their  mouth,  remasticate,  and  again  swallow  it,  like 
members  of  the  ruminant  order  of  Mammalia. 

The  varioiiB  nerve-actions  concerned  in  vomiting  are  fi:ovemcd 
by  a  nerve-centre  situate  in  the  medulla  oblongata. 


^  A  collection  of  cases  of  fistulous  communication  with  the  stomach, 
thioQ^  the  abdominal  parietes,  has  been  given  by  Dr.  Murchison,  in  voL  zlL 
«r  the  Medico-Chimigical  Transactions. 
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The  Suiiiijuintt  (ox.  sheep,  deer,  ftc.)  possess  Ttrj  complex  Htomache ;  in 
most  of  them  four  distinct  cavities  arc  to  be  distiu^nighed  (Gg.  156). 

1.  Tljp  PanncJ,  or  SHmcR,  a  verj  Urge  cavity  which  occupiea  the  cardiac 
end  of  the  Etomacli,  and  into  which  targe  qoantities  of  food  ore  in  the  flnt 
instance  swallowed  with  tittle  or  no  mastication. 

2.  The  Setioatum,  or  HoKyoomi  stomach,  so  calted  from  the  fact  that  its 
mocoiu  membrane  is  disposed  in  a  number  of  folds  eDcloeing  hexagonal 

3.  The  Ptaltcrium,  or  Manypliai,  in  which  the  mncons  membrane  ia 
amnged  in  very  prominent  longitudinal  folds. 

Fig.  156.* 


4.  Abomatvm,  Heed  or  Rennet,  which  is  narrow  and  elongated,  its  macoas 
membrane  being  much  more  highly  vascular  than  that  of  the  other  diriaioos. 
In  the  process  of  rumination  small  portions  of  tbe  contents  of  the  ramen  and 
reticulum  arc  successiTCly  r^uigiuted  into  the  mouth,  and  ttiere  thoroughly 
masticated  and  insalivated  (chewing  the  cud)  :  they  are  tben  again 
swallowed,  being  this  time  directed  by  a  groove  (which  in  the  figure  is  seen 
Tuoning  from  the  lower  end  of  the  oesophagus)  into  the  manyplies,  aod 
thence  into  the  abomasum. 

It  will  thna  be  seen  ttiat  the  Srst  two  stomachs  (pauncli  and  reticulum) 
have  chicQy  the  mechanical  functions  of  Etoring  and  moistening  the  fodder ; 
the  third  (nmnyplics)  probably  acta  as  a  strainer,  only  allowing  the  finely 
divided  portions  of  food  to  pass  on  into  the  fourth  stomach,  where  the  gastric 
Juice  is  secreted  and  the  process  of  digestion  carried  on.  The  mucooa  mem- 
brane of  the  first  tliree  stomachs  ia  lowly  vascular,  while  that  of  the  fourth 
is  pulpy,  glandular,  and  highly  vascular. 

In  some  other  animals,  as  the  pig,  a  similar  distinction  obtnins  between 
the  mucous  membrane  in  different  parts  of  the  stomach. 

In  the  pig  tlie  glands  in  the  cardiac  end  are  few  and  small,  while  towards 
the  pylorus  they  arc  abundant  and  large. 

A  similar  division  of  the  stomach  into  a  cardiac  (receptive)  and  a  pyloric 
(digestive)  part,  foreshadowing  the  complex  stomach  of  ruminants,  is  seen 
in  tlio  conuaon  lat,  in  which  these  two  divisions  of  the  stomach  are  dia- 


*  Fig.  156.  Slomnch  of  sheep,  a.  (Esophagus.  Su.  Rumen.  RiL 
Beticulam.  Pi.  Psaltcrium,  or  Manyplies.  A.  AbomaBum.  Du,  Duo- 
denum,   g.  Groove  from  cesophagus  to  {eolteiium  (Hnxley). 
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tiDguished,  not  only  bj  the  characters  of  their  lining  membrane,  bnt  aUo  by 
a  well-marked  constriction. 

In  birds  the  function  of  mastication  is  performed  by  the  stomach  (gizzard) 
which  in  granivorous  orders,  e.g,  the  common  fowl,  possesses  very  powerful 
musoular  walls  and  a  dense  homy  epithelium. 

Hunger  and  Thirst. — The  sensation  of  hunger  is  manifested 
in  consequence  of  deficiency  of  food  in  the  system.  The  mind 
refers  the  sensation  to  the  stomach ;  yet  since  the  sensation  is 
relieved  by  the  introduction  of  food  either  into  the  stomach  itself, 
or  into'  the  blood  through  other  channels  than  the  stomach,  it 
would  appear  not  to  depend  on  the  state  of  the  stomach  alone. 
This  view  is  confirmed  by  the  fact,  that  the  division  of  both  pneu- 
mogastric  nerves,  which  are  the  principal  channels  by  which  the 
mind  is  cognisant  of  the  condition  of  the  stomach,  does  not  appear 
to  allay  the  sensations  of  hunger. 

But  that  the  stomach  has  some  share  in  this  sensation  is  proved 
by  the  relief  afforded,  though  only  temporarily,  by  the  introduction 
of  even  non-alimentary  substances  into  this  organ.  It  may,  there- 
fore, be  said  that  the  sensation  of  hunger  is  caused  both  by  a 
want  in  the  system  generally,  and  also  by  the  condition  of  the 
stomach  itself,  by  which  condition,  of  course,  its  own  nerves  are 
more  directly  affected. 

The  sensation  of  thirst,  indicating  the  want  of  fluid,  is  referred 
to  the  fauces,  although,  as  in  hunger,  this  is,  in  great  part,  only  the 
local  declaration  of  a  general  condition.  For  thirst  is  relieved  for 
only  a  very  short  time  by  moistening  the  dry  fauces  ;  but  may  be 
relieved  completely  by  the  introduction  of  liquids  into  the  blood, 
either  through  the  stomach,  or  by  injections  into  the  blood-vessels, 
or  by  absorption  jfrom  the  surface  of  the  skin  or  the  intestines. 
The  sensation  of  thirst  is  perceived  most  naturally  whenever  there 
is  a  disproportionately  small  quantity  of  water  in  the  blood :  as 
well,  therefore,  when  water  has  been  abstracted  from  the  blood, 
as  when  saline  or  any  solid  matters  have  been  abundantly  added 
to  it.  And  the  cases  of  hunger  and  thirst  are  not  the  only  ones 
in  which  the  mind  derives,  from  certain  organs,  a  peculiar  pre- 
dominant sensation  of  some  condition  affectiug  tha  whols  lody> 
Thus,  the  sensation  of  the  "necessity  of  breathing,'*  is  referred 
especially  to  the  air-passages;  but,  as  Yolkmann*s  experiments 
show,  it  depends  on  the  condition  of  the  blood  which  circulates 
everywhere,  and  is  felt  even  after  the  lungs  of  animals  are  to- 
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moved ;  for  they  continue,  even  then,  to  gasp  and  manifest  the 
sensation  of  want  of  breath. 
Influence  of  the  I9'ervoii8  System  on  Gastrio  Digestion* 

— The  normal  movements  of  the  stomach  during  gastric  digestion 
are  directly  connected  with  the  plexus  of  nerves  and  ganglia  con- 
tained in  its  walls,  the  presence  of  food  acting  as  a  stimulus  which 
is  conveyed  to  the  ganglia  and  reflected  to  the  muscular  fibres. 
The  stomach  is,  however,  also  directly  connected  with  the  higher 
nerve-centres  by  means  of  branches  of  the  vagus  and  solar  plexus 
of  the  sympathetic.  The  vaso-motor  fibres  of  the  latter  are  de- 
rived, probably,  from  the  splanchnic  nerves. 

The  special  function  of  the  pneumogastric  nerves  in  connection 
with  the  movements  of  the  stomach  is  not  certainly  known. 
Irritation  of  the  vagi  produces  contraction  of  the  stomach,  if 
digestion  is  proceeding ;  while,  on  the  other  hand,  its  peristaltic 
action  is  retarded  or  stopped,  when  these  nerves  are  divided. 

The  infiuence  of  the  nervom  system  on  the  secretion  of  gastric  fluid ^ 
is  shown  plainly  enough  in  the  influence  of  the  mind  upon  diges- 
tion in  the  stomach ;  and  is,  in  this  regard,  well  illustrate  by 
several  of  Dr.  Beaumont's  observations.  M.  Bernard  filso,  watch- 
ing the  act  of  gastric  digestion  in  dogs  which  had  fistulous  open- 
ings into  their  stomachs,  saw  that  on  the  instant  of  dividing  their 
pneumogastric  nerves,  the  process  of  digestion  was  stopped,  and 
the  mucous  membrane  of  the  stomach,  previously  turgid  with 
blood,  became  pale,  and  ceased  to  secrete.  These  facts  may  be 
explained  by  the  theory  that  the  pneumogastric  nerves  are  the 
media  by  which,  during  digestion,  an  inhibitory  impulse  is  con- 
ducted to  the  vaso-motor  centre  in  the  medulla ;  such  impulse 
being  reflected  along  the  splanchnic  nerves  to  the  blood-vesssls 
of  the  stomach,  and  causing  their  dilatation  (Rutherford).  From 
other  experiments  it  may  be  gathered,  that  although,  as  in  M. 
Bernard's,  the  division  of  both  pneumogastric  nerves  always 
temporarily  suspends  the  secretion  of  gastric  fluid,  and  so  aiTests 
the  process  of  digestion,  and  is  occasionally  followed  by  death 
from  inanition ;  yet  the  digestive  powers  of  the  stomach  may  be 
completely  restored  after  the  operation,  and  the  formation  of 
chyme  and  the  nutrition  of  the  animal  may  be  carried  on  almost 
as  perfectly  as  in  health. 

M.   Bernard  found   that  galvanic  stimulus   of    these    nerves 
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excited  an  active  secretion  of  the  fluid,  while  a  like  stimulus 
applied  to  the  sympathetic  nerves  issuing  from  the  semilunar 
ganglia,  caused  a  diminution  and  even  complete  arrest  of  the 
secretion. 

In  thirty  experiments  on  Mammalia,  which  M.  Wcmscheidt  performed 
under  MiiUer*B  direction,  not  the  least  difference  could  be  perceived  in  the 
action  of  narcotic  poisons  introduced  into  the  stomach,  whether  the  pneu- 
mogastric  had  been  divided  on  both  sides  or  not,  provided  the  animals  were 
of  the  same  species  and  size.  It  appears,  however,  that  such  poisons  as  are 
capable  of  being  rendered  inert  by  the  action  of  the  gastric  fluid,  may,  if 
taken  into  the  stomach  shortly  after  division  of  both  pncumogastric  nerves, 
produce  their  poisonous  effects ;  in  consequence,  apparently,  of  the  tempo- 
rary suspension  of  the  secretion  of  gastric  fluid.  Thus,  in  one  of  his  experi- 
ments M.  Bernard  gave  to  each  of  two  dogs,  in  one  of  which  he  had  divided 
the  pneumogastric  nerves,  a  dose  of  emulsinc,  and  half  an  hour  afterwards  a 
dose  of  amygdaline,  substances  which  are  innocent  alone,  but  when  mixed 
produce  hydrocyanic  acid.  The  dog  whose  nerves  were  cut,  died  in  a 
quarter  of  an  hour,  the  substances  being  absorbed  unaltered  and  mixing  in 
the  blood  ;  in  the  other,  the  emulsine  was  decomposed  by  the  gastric  fluid 
before  the  amygdaline  was  administered ;  therefore,  hydrocyanic  acid  was 
not  formed  in  the  blood,  and  the  dog  survived. 

Digestion  of  the  Stomach  after  Death. — If  an  animal  die 
during  the  process  of  gastric  digestion,  and  "when,  therefore,  a 
quantity  of  gastric  juice  is  present  in  the  interior  of  the  stomach, 
the  walls  of  this  organ  itself  are  frequently  themselves  acted  on  by 
their  own  secretion,  and  to  such  an  extent,  that  a  perforation  of 
considerable  size  may  be  produced,  and  the  contents  of  the  stomach 
may  in  part  escape  into  the  cavity  of  the  abdomen.  This  pheno- 
menon is  not  imfrequently  observed  in  post-mortem  examinations  of 
the  human  body ;  but,  as  Dr.  Pavy  observes,  the  effect  may  be 
rendered,  by  experiment,  more  strikingly  manifest.  "  If,  for 
instance,"  he  remarks,  **  an  animal,  as  a  rabbit,  be  killed  at  a 
period  of  digestion,  and  afterwards  exposed  to  artificial  warmth  to 
prevent  its  temperature  from  falling,  not  only  the  stomach,  but 
many  of  the  surrounding  parts  will  be  found  to  have  been  dis- 
solved. With  a  rabbit  killed  in  the  evening,  and  placed  in  a  warm 
situation  (100**  to  no**  Fahr.)  during  the  night,  I  have  seen  in  the 
morning,  the  stomach,  diaphragm,  part  of  the  liver  and  lungs,  and 
the  intercostal  muscles  of  the  side  upon  which  the  animal  was  laid 
all  digested  away,  with  the  muscles  and  skin  of  the  neck  and 
upper  extremity  on  the  same  side  also  in  a  semi-digested  state." 

From  these  fects,  it  becomes  an  interesting  question  why,  during 
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life,  the  stomach  is  free  from  liability  to  injury  from  d  Becretion, 
which,  after  death,  is  capable  of  such  destructive  effects  1  John 
Hunter,  who  particularly  drew  attention  to  the  phenomena  of  Jpo«^ 
mortem  digestion,  explained  the  immunity  from  injury  of  the  living 
stomach,  by  referring  it  to  the  protective  influence  of  the  "  vital 
principle."  But  this  dictum  is  rather  a  statement  of  a  fact,  than 
an  explanation  of  its  cause.  It  must  be  confessed,  however,  that 
no  entirely  satisfactory  theory  has  been  yet  stated  as  a  substitute. 

It  is  only  necessary  to  refer  to  the  idea  of  Bernard,  that  the 
living  stomach  finds  protection  from  its  secretion  in  the  presence 
of  epithelium  and  mucus, '  which  are  constantly  renewed  in  the 
same  degree  that  they  are  constantly  dissolved,  in  order  to  remark 
that  this  theory,  so  far,  at  least,  as  the  epithelium  is  concerned, 
has  been  disproved  by  experiments  of  Pavy's,  in  which  the  mucous 
membrane  of  the  stomachs  of  dogs  was  dissected  off  for  a  small 
space,  and,  on  killing  the  animals  some  days  afterwards,  no  sign 
of  digestion  of  the  stomach  was  visible.  "  Upon  one  occasion, 
after  removing  the  mucous  membrane  and  exposing  the  muscular 
fibres  over  a  space  of  about  an  inch  and  a  half  in  diameter,  the 
animal  was  allowed  to  live  for  ten  days.  It  ate  food  every  day, 
and  seemed  scarcely  affected  by  the  operation.  Life  was  de- 
stroyed whilst  digestion  was  being  carried  on,  and  the  lesion  in  the 
stomach  was  foimd  very  nearly  repaired:  new  matter  had  been 
deposited  in  the  place  of  what  had  been  removed,  and  the  denuded 
spot  had  contracted  to  much  less  than  its  original  dimensions." 

Dr.  Pavy  believes  that  the  natural  alkalinity  of  the  blood,  which 
circulates  so  freely  during  life  in  the  walls  of  the  stomach,  is 
sufficient  to  neutralize  the  acidity  of  the  gastric  juice ;  and  as  may 
be  gathered  from  what  has  been  previously  said,  the  neutralization 
of  the  acidity  of  the  gastric  secretion  is  quite  sufficient  to  destroy 
its  digestive  powers.  He  also  very  ingeniously  argues  that  this 
very  alkalinity  must,  from  the  conditions  of  the  circulation  natu- 
rally existing  in  the  walls  of  the  stomach,  be  increased  in  propor- 
tion to  the  need  of  its  protective  influence.  "  In  the  arrangement 
of  the  vascular  supply,"  he  remarks,  "  a  doubly  effective  barrier 
is,  as  it  were,  provided.  The  vessels  pass  from  below  upwards 
towards  the  surface :  capillaries  having  this  direction  ramify  between 
the  tubules  by  which  the  acid  of  the  gastric  juice  is  secreted  ;  and 
being  separated  by  secretion  below,  must  leave  the  blood  that  is 
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proceeding  upwards  correspondingly  increased  in  alkalinity  ;  and 
thus,  at  the  period  when  the  largest  amount  of  acid  is  flowing  into 
the  stomach,  and  the  greatest  protection  is  required,  then  is  the 
provision  afforded  in  its  highest  state  of  efficiency.'* 

Dr.  Pavy's  theory  is  the  best  and  most  ingenious  hitherto 
framed  in  connection  with  this  subject ;  but  the  experiments 
adduced  in  its  favour  are  open  to  many  objections,  and  afford 
only  a  negative  support  to  the  conclusions  they  are  intended  to 
prove.  The  matter,  therefore,  can  scarcely  be  considered  finally 
settled. 

Digestion  in  the  Intestines. 

The  Intestinal  Canal  is  divided  into  two  chief  portions,  named, 
from  their  differences  in  diameter,  the  small  and  large  intestine 
(fig.  146).  These  are  continuous  with  each  other,  and  communi- 
cate by  means  of  an  opening  guarded  by  a  valve,  the  iko-cascal 
valve,  which  allows  the  passage  of  the  products  of  digestion  from 
the  small  into  the  large  bowel,  but  not,  under  ordinary  circum- 
stances, in  the  opposite  direction. 

The  structure  and  functions  of  each  organ  or  tissue  concerned 
in  intestinal  digestion  will  be  first  described  in  detail,  and  after- 
wards a  summary  will  be  given  of  the  changes  which  the  food 
undergoes  in  its  passage  through  the  intestines,  ist,  from  the 
pylorus  to  the  ileo-ca)cal  valve;  and  2nd,  from  the  ileo-cajcal  valve 
to  the  anus. 

Structure  of  the  Small  Intestine. — The  Small  Intestine, 
the  average  length  of  which  in  an  adult  is  about  twenty  feet,  has 
been  divided,  for  convenience  of  description,  into  three  portions, 
viz.,  the  dttodenum,  which  extends  for  eight  or  ten  inches  beyond 
the  pylorus ;  the  jejunum,  which  forms  two-fifths,  and  the  ileumj 
which  forms  three-fifths  of  the  rest  of  the  canal. 

The  small  intestine,  like  the  stomach,  is  constructed  of  four 
principal  coats,  viz.,  the  serous,  muscular,  submucous,  and 
mucous. 

(i.)  The  serous  coat,  formed  by  the  visceral  layer  of  the  peri- 
toDeum,  need  not  be  here  specially  described.  It  has  the  structure 
id  serous  membranes  in  general 

(3.)  The  fnuscular  coats  consist  of  an  internal  circular  and  an 
external  longitudinal  layer :   the  former  is  usually  considerably 
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testinal  mucous  mombrone,  and  presiding  over  the  processes  of 
secretion  and  abaorptiou. 

(4.)  The  mucous  manhrane  is  the  most  important  coat  in  rela- 
tion to  the  fimction  of  digestion.  The  following  structures  which 
enter  into  its  composition  may  be  now  successively  described ; — 
the  valvule  txmnivmta  ;  the  villi  ;  and  the  glattds.  The  general 
structure  of  the  mucous  membrane  of  the  intestines  resembles  that 
of  the  stomach  (p.  289),  and,  like  it,  is  lined  on  its  inner  surface 
b;  columnar  epithelium.  Adenoid  tissue  (fig.  158,  e  and  d)  entera 
largely  into  its  construction  ;  aud  on  its  deep  surface  is  the  mat- 


Fig.  158.* 
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CnUirit  mueotce  (m  m,  fig.  159),  the  fibres  of  which  are  arranged  in 
two  layers  :  the  outer  longitudinal  and  the  inner  circular. 

ValTvlcB  ConttiventaB. — The  valmdce  conmvenia  (fig.  160) 
commence  in  the  duodenum,  about  one  or  two  inches  beyond  the 
pylorus,  and  becoming  larger  and  more  numerous  immediately 
beyond  the  entrance  of  the  bile-duct,  continue  thickly  arranged 
and  well  deToleped  tiiroughout  the  jejunum;  then,  gradually 
diminishing  in  size  and  number,  they  cease  near  the  middle  of  the 
ileum.  They  are  formed  by  a  doubling  inwards  of  the  mucous 
;  the  cresoentic,  nearly  circular,  folds  thus  formed  being 


*  Fig.  158.  Th«  figun  rspresenta  a  cross  Bectlon  of  a  Bnmll  fragment  of 
tha  mncoiii  numbnne,  inditing  one  entire  crypt  of  LieberkUlm  and  parts 
tt  KTeral  othen :  a,  cmtj  at  tlie  tubular  glands  or  crypts ;  b,  one  of  the 
lining  ■pAeliml  cells ;  e,  the  iTDiphoid  or  retiform  spaces,  of  which  some  are 
eapty,  and  otb«n  occupied  bj  Ijmpb.  cells,  as  at  d. 
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arranged  transvcrself  to  tha  axis  of  the  intestine,  aikd  each  in- 
dividual fold  seldom  extending  around  more  than  ^  or  J  of  the 
bowel's    circumference.      Unlike 
Fig.  IS9.*  the  nigfe  in  the  <csophaguB  and 

Gtomach,  the;  do  not  disappear 
on  distension  of  the  canal.  Only 
an  imperfect  notion  of  their 
natural  position  and  function  con 
be  obtained  by  looking  at  them 
after  the  intestine  has  been  laid 
'  open  in  the  usual  manner.  To 
understand  them  aright,  a.  piece 
of  gut  should  be  distended  either 
with  a  r  or  alcohol,  and  not 
If  opened  until  the  tissues  have  be- 
come hardened.  On  then  making 
a  sei^tion  it  will  be  seen  that  instead 
of  disappearing,  they  stand  out 
at  r  ght  ai  glea  to  the  general  Biir- 
foce  of  the  mucous  membrane 
(fig  160)  Their  functions  are 
■"n  probably  these — Besides  (i)  offer- 
ug  a  largely  increased  surface  for 
secret    n    and    absorption,    they 


•  F  g  159.  Vertical  longitudinal 
,  sect  on  tbrougti  sninll  intestine  of  doj;, 
Bhawmg  the  structun:  and  relative 
pos  t  on  of  the  scvernl  lasers  ;  r,  two 
vxll  show  ng  t,  epitheliom  ;  g,  goblet 
ceUa.  The  free  surface  is  sctn  to  be 
formed  b  J  the  "  striated  basilar  border, " 
while  ns  de  the  villus  the  adenoid 
hasae  and  unstripeil  muscle-cells  Hre 
seen  1/  Licberkljbn  follicles  ;  nm, 
muBCularu  niiicosiB,  sending  up  fibres 
I  between  the  follicles  into  the  villi  ;  rm, 
aub  iDDCDus  tissue  ;  coQta.iiiiDg  (ith), 
ganghou  cells  of  Ueiasner's  plents  ; 
mc,  c  rcnlar  muscular  coat  of  great 
tb  cknebs,     with     connective  -  tisaaes, 

septa    ga  gang!  on  cells  of  Anerbacb  a  pleios    ml,  longitadinal  moacular 

coat    p  pentonetun  (Schoftcid} 
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probably  (a)  prevent  the  too  rapid  passage  of  the  very  liquid  pro- 
dacts  of  gnatric  digestion,  immediately  after  their  escape  from  the 
stomach,  and  (3),  by  their  projection,  and  consequent  inter- 
ference with  an  uniform  and  untroubled  current  of  the  intestinal 
contents,  probably  aaBist  in  the  more  perfect  mingling  of  the  latter 
vith  the  aecreUons  poured  out  to  act  on  them. 

OUndB  of  Oie  Small  InteBtiae. — The  glands  are  of  three 


J^.  i6o.» 


Fig.  i6i.t 


Fig.  i6i.t 


principal  kinds: — viz.,  those  of  (i)  LieberkUhn,  {2)  Brunner,  and 
of  (3)  Peyer. 

( I.)  The  glandt  or  crypti  of  LieberhUtn  are  simple  tubular  dopres- 
sionsoftbe  intestinal  mucous  membrane,  thickly  distributed  over 
the  whole  surface  both  of  the  large  and  small  intestines.  In  the 
small  intestine  they  are  visible  only  with  the  aid  of  a  lens ;  and 
their  orifices  appear  as  minute  dots  scattered  between  the  villi. 
They  are  larger  in  the  large  intestine,  and  increase  in  size  the 
nearer  they  approach  the  anal  end  of  the  intestinal  tube ;  and  in 

"  Fig.  16a  Piec*  of  Email  intestine  (previonaly  distended  and  hardened  by 
•leohol)  laid  opni  to  show  the  normil  position  of  the  valvulie  conniventea. 

t  1^  161.  Truuveraa  section  thiough  four  crypta  of  Lieberkubn  from 
tbe  lalf^  intestille  of  the  pig.  They  arc  lined  by  columnar  epithelial  cells, 
the  nuclei  beiDg  placed  in  the  ont«r  part  of  tlie  cetla.  The  divisions  between 
the  eella  tn  taat  u  Un«*  rtdikting  (him  L,  the  lumen  of  the  crypt ;  G,  epithe- 
£■1  cell%  vhidi  have  beconie  tnniTonned  into  goblet  cells,  x  35a  (Klein 
wd  SiUe  Smith.) 
X  n^  I&2.    A  glud  of  LUberktlhn  in  longitodinal  section  (Brinton). 
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the  rectum  their  orifices  may  be  viBible  to  the  naked  eye.  In 
length  the;  rarj  from  ^^^  to  -^  of  a  line.  Each  tubule  (fig.  163) 
is  coUBtnicted  of  the  same  essential  parts  as  the  intestinal  mucous 
membrane,  viz.,  a  fine  mmArana  propria,  or  basement  membrane, 
a  layer  of  cylindrical  epitheUum  lining  it,  and  capillary  blood- 
vessels covering  its  exterior,  the  free  sorfaoe  of  the  columnar  cells 
presenting  an  appearance  precisely  Bimilar  to  the  "striated  basilar 
border"  which  covers  the  villi.  Their  contents  appear  to  vary, 
even  in  health ;  the  varieties  being  dependent,  probably,  on  the 
period  of  time  in  relation  to  digestion  at  which  they  are  examined 

Fiy.  163* 


Among  the  columnar  cells  of  Ucbcrkiihu'a  follicles,  goble' 
frequently  occur  (fig,  161). 

(2.)  SruniKriglandtifig.  164)  are  confined  to  theduodcnum 
are  most  abundant  and  thickly  set  at  the  commencement  r 


•  Fig.  163.  TransveiBB  eoctioii  of  injected  Pej-er's  glands  (from  X 
Tha  drawing  waa  taken  from  a  preparation  made  by  Frc;  :  it  repre 
fine  capillary-locped  network  apreaJing  from  the  Bnrrounding  bio- 
into  the  intcdoT  of  three  of  Pejer'a  capsules  from  tbe  iDtestine  of  thi 
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Fig.  164.* 


portion  of  the  intestine,  diminishing  gradually  aa  the  duodenum 
advancca.  They  are  situated  beneath  the  mucous  membraue,  and 
imbedded  in  the  Bubmucous  tissue,  each  gland  ia  a  branched  and 
convoluted  tube,  lined  with  co- 
lumnar epithelium.  Aa  before 
said  iu  structure  they  are  very 
similar  to  the  pyloiio  glands  of 
the  stomach,  and  their  epitheUum 
undergoes  a  similar  change  during 
secretion  ;  but  they  are  more 
branched  and  convoluted,  and 
their  ducts  are  longer.  The  duct 
of  cfich  gland  passes  through  tho 
muacularis  mucosae,  opens  on  the 
surface  of  the  mucous  membrane. 
{3.)  The  glaruU  of  Peyer  occur 
chiefly  but  not  exclusively  in  the 
tmall  intestine.  They  are  found 
in  greatest  abundance  iu  the 
lower  part  of  the  ileum  near  to 
the  ilco^Mccal  valve.  They  arc 
met  with  in  two  conditions,  riz,^ 
cither  scattered  singly,  in  which 
case  they  are  termed  glandube 
lolitaritB,  or  aggregated  in  gnuips 
varying  from  one  to  three  inches 
in  length  and  alxtiit  half-au-inch 
in  width,  chiefly  of  an  oval 
form,    their    long    axis   parallel 

M'ith  that  of  the  intestine.  In  this  state,  they  are  named  gltaidulix 
aymiiiatee,  the  groups  being  commooly  called  Peyer't  patches  (fig. 
165),  and  almost  always  placed  opposite  the  attachment  of  the 
mesentery.  In  stnictiuv,  and  in  function,  there  is  no  essential 
diflercuce  between  the  solitary  glands  and  the  individual  bodies 
of  which  each  group  or  patch  is  made  up.  They  are  really 
single  or  abrogated  masses  of  adenoid   tissue   forming  Ij^mph- 


*  Fif{.  164.  Section  of  duodeDom,  ahowing  a,  villi ;  h,  oypts  of  Liibor- 
kilho,  and  c,  Bmimer's  glandi  in  the  anbmncosa  j,  with  dacts,  d ;  mnsea* 
luia  mncoaB,  m ;  and  circular  muscular  coat  /.     (Schofield.) 
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fuUiclca.  In  the  condition  in  which  they  have  been  most  commoul; 
examined,  each  gland  appcftis  as  a  circular  opaque-white  rounded 
bodj,  from  -^-f  to  -^  inch  in  diameter,  according  to  the  dcgrco 
in  which  it  ia  devetopod.  They  arc  principally  contained  in  the 
submucous  coat,  but  Bomctimea  project  through  the  muKiUarU 
mucoKB  into  the  mucoua  membrane.  In  the  agminato  glands, 
each  follicle  reaches  the  free  surface  of  the  intestine,  and  ia  covered 
with  columnar  epithelium.  Each  gland  is  surrounded  by  the 
opcoingB  of  Lieberkiihn's  follicles. 

The  adjacent  glands  of  a  Pcyer'a  patch  ore  connected  together 
by  adenoid  tiaauc.    Sometimes  the  lymphoid  tissue  reaches  the 

Fig,  i6s.' 
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free  surface,  replacing  the  epithelium  as  is  tbc  case  with  some  of 
the  lymphoid  follicles  of  the  tonail  (p.  285). 

Peyer's  glands  arc  surrounded  by  lymphatic  sinuses  which  do 
not  penetrate  into  their  interior  ;  the  interior  is,  however,  traven»d 
by  a  very  rich  blood  capillary  plexus.  If  the  vermiform  appendix 
of  a  rabbit  which  consists  lai^ely  of  Pcyer'a  glands  be  injected  with 
blue  by  preasing  the  point  of  a  fine  syringe  into  one  of  the  lym- 
phatic sinuses,  the  Peyer's  glands  will  appear  as  greyish  white 
spaces  surrounded  by  blue ;  if  now  the  arteries  of  the  same  bo 
injected  with  red,  the  greyiah  patches  will  change  to  rod,  thus 
proving  that  they  arc  mrroundtd  by  Ij-mphatic  spaces  but  ptnt- 

•  stkte  of  ilisteiuioil. 
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iratfd  by  blood-vessels.  The  lacteala  passing  out  of  the  rilli 
communicate  with  the  Jymph  sinuses  round  Peyer's  glands. 

It  is  to  be  noted  that  they  are  largest  and  moat  prominent  in 
children  and  young  persons ;  during  adult  life  they  Bhrivel  up 
and  almost  completely  disappear. 

Villi. — The  Villi  (figs.  164,  167,  168,  and  169),  are  confined 
exclusively  to  the  mucous  membrane  of  the  tmall  intestine.  They 
are  minute  vascular  processes,  from  a  quarter  of  a  line  to  a  line 
and  two-thirds  in  length,  covering  the  surface  of  the  mucous 
membrane,  and  giving  it  a  peculiar  velvety,  fleecy  appearance. 
Erausd  estimates  them  at  fifty  to  ninety  in  number  in  a  square 
line,  at  the  upper  part  of  the  small  intestine,  and  at  forty  to 


Fig.  166,  • 


Fig.  i67.t 


seventy  in  the  same  area  at  the  lower  part  They  vary  m  form 
even  in  the  same  animal,  and  diSer  accordmg  as  the  lymphatic 
vessels  they  contain  are  empty  or  full  of  chyle  ;  being  usually,  in 
the  former  case,  flat  and  pointed  at  their  summits,  in  the  latter 
cylindrical  or  elevate. 

E^ich  villns  consists  of  a  small  projection  of  mucous  membrane, 
and  Lt:<  interior  is  therefore  supported  throughout  by  fine  adenoid 

*  Fig.  166.  Section  of  HDull  iD'.eatiiie  showing  Villi,  Lieberkliho's  gUods 
and  a  Pi'yer's  solitary  gUnd.  rn,  m,  mnscnlaria  mucoBie.  (Klein  BJid  Noble 
Smitb). 

t  Fig.  167.  Vertical  section  of  a  villiia  of  the  snull  intestine  of  a  cat 
a.  Stri'ted  busol  liorder  o(  the  epitheliam.  b.  ColiuniiBr  epithebum.  e. 
Goblet  cells,  d.  Ceutml  lymph-veneL  e.  Sniootli  mnacalar  fibrw.  /. 
Adenoid  sboma  of  tlis  viUiu  in  which  iTinpli  corpuacles  lie  (KleinJ. 
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tissue,  which  forms  the  fhimework  or  Btroma  in  which  the  other 
constituents  are  contained. 

The  surface  of  the  viUus  is  clothed  hj  colniUDar  epithelium, 
vliich  rests  on  a  fine  basement  membrane ;  vhile  within  this  are 
found,  reckoning  from  without  inwardtf,  blood-resBels,  fibres  of 
the  muKularis  mucosce,  and  a  single  lympbatic  or  lacteal  TSinel 
rarely  looped  or  branched  (fig.  i68);  besides  gr&nular  matter, 
fat-globules,  etc. 

Fig.  i6S.» 


The  qntlbtUum  is  of  the  columnar  kind,  and  continuous  with 
that  liniog  the  other  parts  of  the  mucous  membrane.  The  cells 
are  arranged  with  their  long  axis  radiating  from  the  sur&ce  of 
the  villus  (fig.  167),  and  their  smaller  ends  resting  on  the  base- 
ment membrane.     Tlie  &ee  surface  of  the  epithelial  cells  of  the 


-villi,  like  that  d  the  cells  which  cover  the  general  sur&ce  of  the 
I  membnine,   is  covered  by  a  fine  border  which  exhibits 


'Cry   delicate   atriationB   whence   it  derives  its  name,    "  striated 
■^Bilar  border," 

Beneath  the  basement  or  limiting  membrane  there  is  a  rich 

*  Fig.  169.  A.  Lacteali  in  tUIL  p.  Peyer's  glands.  D  aud  D.  Super- 
■^  uid  deep  netwoA  of  lActealx  iu  snbmncous  tisano.  L.  LiEberkiihn's 
init.  K.  Small  branch  of  I>ct«al  tssmI  on  ita  vty  to  mesenUtic  glan-i, 
*  xd  c.  UnKnlai  fibi«s  of  intutine.     s.  Peritonenm  (Tcichmanti). 
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supply  of  blood-vessels.  Two  or  more  minute  arteries  are  dis- 
tributed within  each  villus ;  and  from  their  capillaries,  which 
form  a  dense  network,  proceed  one  or  two  small  veins,  which  pass 
out  at  the  base  of  the  villus. 

The  layer  of  the  muscularis  mucosa  in  the  villus  forms  a  kind 
of  thin  hollow  cone  immediately  around  the  central  lacteal,  and 
is,  therefore,  situate  beneath  the  blood-vessels.  The  addition  of 
acetic  acid  to  the  villus  brings  out  the  characteristic  nuclei  of  the 
muscular  fibres,  and  shows  the  size  and  position  of  the  layer  most 
distinctly.  It  is  without  doubt  instrumental  in  the  propulsion  of 
chyle  along  the  lacteal 

The  lacteal  vessel  enters  the  base  of  each  villus,  and  passing  up 
in  the  middle  of  it,  extends  nearly  to  the  tip,  where  it  ends 
commonly  by  a  closed  and  somewhat  dilated  extremity.  In  the 
lai^r  villi  there  may  be  two  small  lacteal  vessels  which  end  by 
a  loop  (fig.  1 68),  or  the  lactcals  may  form  a  kind  of  network  in 
the  villua  The  last  method  of  ending,  however,  is  rarely  or  never 
seen  in  the  human  subject,  although  common  in  some  of  the 
lower  animals  (a,  fig.  1 68). 

The  office  of  the  villi  is  the  absorption  of  chyle  and  other  liquids 
from  the  intestine.  The  mode  in  which  they  effect  this  will  bo 
considered  in  the  Chapter  on  Absorption. 

Stmoture  of  the  Large  Intestine. — The  Large  Intestine, 
which  in  an  adult  is  from  about  4  to  6  feet  long,  is  subdivided  for 
descriptive  purposes  into  three  portions  (fig.  146)  viz. : — the  cacum, 
a  short  wide  pouch,  communicating  with  the  lower  end  of  the 
small  intestine  through  an  opening,  guarded  by  the  ileo-coecal 
valve ;  the  colony  continuous  with  the  cajcum,  which  forms  the 
principal  part  of  the  ktrge  intestine,  and  is  divided  into  an  ascend- 
ing, transverse,  and  descending  portion ;  and  the  rectum,  which 
after  dilating  at  its  lower  part,  again  contracts,  and  immediately 
afterwards  opens  externally  through  the  anus.  Attached  to  the 
coccum  is  the  small  appendix  venniformis. 

Like  the  small  intestine,  the  large  is  constructed  of  four  prin- 
cipal coats,  viz.,  the  serous,  muscular,  submucous  and  mucous.  The 
serous  coat  need  not  bo  here  particidarly  described  Connected 
with  it  are  the  small  processes  of  peritoneum  containing  fat 
called  appendices  eptploicce.  The  fibres  of  the  muscular  coat,  like 
those  of  the  small   intestine,   are   arranged  in  two  layera the 
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outer  longitudinal,  the  inner  circular.  In  the  caecum  and 
colon,  the  longitudinal  fibres,  besides  being,  as  in  the  small 
intestine,  thinly  disposed  in  all  parts  of  the  wall  of  the  bowel, 
are  collected,  for  the  most  part,  into  three  strong  bands,  which 
being  shorter,  from  end  to  end,  than  the  other  coats  of  the 
intestine,  hold  the  canal  in  folds,  bounding  intermediate  sacculi. 
On  the  division  of  these  bands,  the  intestine  can  be  drawn  out 
to  its  full  length,  and  it  then  assumes,  of  course,  an  imiformly 
cylindrical  form.  In  the  rectum,  the  fasciculi  of  these  longitu- 
dinal bands  spread  out  and  mingle  with  the  other  longitudinal 
fibres,  forming  with  them  a  thicker  layer  of  fibres  than  exists  on 
any  other  part  of  the  intestinal  canaL  The  circular  muscular 
fibres  are  spread  over  the  whole  surface  of  the  bowel,  but  are 
somewhat  more  marked  in  the  intervals  between  the  sacculi. 
Towards  the  lower  end  of  the  rectum  they  become  more 
numerous,  and  at  the  anus  they  form  a  strong  band  called  the 
internal  sphincter  muscle. 

The  mucow  membrane  of  the  large,  like  that  of  the  small 
intestine,  is  lined  throughout  by  columnar  epithcliiun,  but,  unlike 
it,  is  quite  smooth  and  destitute  of  villi,  and  is  not  projected  in 
the  form  of  vahndoB  conniventes.  Its  general  microscopic  structure 
resembles  that  of  the  small  intestine  :  and  it  is  bounded  below  by 
the  muscularis  mucosce. 

The  general  arrangement  of  ganglia  and  nerve-fibres  in  the  large 
intestine  resembles  that  in  the  small  (p.  310). 

Glands  of  the  Large  Intestine. — The  glands  with  which  the 
large  intestine  is  provided  are  of  two  kinds,  (i)  the  tubular  and 
(2)  the  lymphoid. 

(1.)  The  tubular  glands,  or  glands  of  Lieberkahn,  resemble  those 
of  the  small  intestine,  but  are  somewhat  larger  and  more  nimicrous. 
They  are  also  more  uniformly  distributed. 

(2.)  Adenoid  or  lymphoid  follicles  are  most  numerous  in  the 
cascaxa  and  vermiform  appendix.  They  resemble  in  shape  and 
structure,  almost  exactly,  the  solitary  glands  of  the  small 
intestine. 

Ileo-e8BoaI  Valye. — ^The  ileo-csecal  valve  is  situate  at  the  place 
of  junction  of  the  small  with  the  lai^e  intestine,  and  guards 
against  any  reflex  of  the  contents  of  ^he  latter  into  the  ileum. 
It  ii  composed  of  two  semilunar  folds  of  mucous  membrane. 
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formed  by  a  doubliug  inwards  of  tbe  mucouH  mem- 

is    strengthened    on   the    outside  by  some    of  the 
iscular  SbrcD   of  the    JnteMtiuo,  wliich   are  coutjiiuud 
outer  Burftieea  of  the  two  layers  of  which  each  fold 

;  juuctioii  of  the  ileum  with  the  cwoiim  arc  contained 
!  outer  niiposed  Burfaces  of  the  folds  of  muooua  mem- 
i  form  tlio  valve,  the  longitudinnl  muscuhir  fibres  and 
3um  of  tho  small  and  large  iuteHtino  respectively  are 
with  each  other,  without  dipping  in  to  follow  the  circular 
Lhe   mucoua  membrane.     In  this  maimer,    therefore, 

inwards  of  these  two  last-named  struoturea  is  pro- 
lo  on  the  other  hand,  by  diriding  the  iongitudiiinl 
lirea  and  the  peritoneum,  the  valve  can  lie  made  to 
list  as  the  coustriotious  betweon  the  sacculi  of  tho 
no  can  be  made  to  disappear  by  perfoi-ming  a  similar 

Tho  inner  surface  of  the  folds  is  smooth ;  the  mucoiia 
of  the  ileum  Iwing  continuous  with  that  of  the 
lat  Burfiice  of  each  fold  which  looks  towards  tho 
ine  ia  covered  with  villi,  while  that  which  looks  to 
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The  reaction  which  represents  the  conversion  of  cane  sugar  into 
grape  sugar  may  be  represented  thus  : — 

2C,;H„0„       +       2H,0      -     C„H„0„      +       C„  H,,  O,, 
Saccharose  Water  Dextrose  LssTuloee 

The  conversion  is  probably  effected  by  means  of  a  hydrolytio 
ferment.     (Inveraive  ferment  Bernard.) 

The  length  and  complexity  of  the  digestive  tract  seem  to  be  closely 
connected  with  the  character  of  the  food  on  which  an  animal  lives. 

Thus,  in  all  camivorous  animals  such  as  the  cat  and  dog,  and  pre-emi- 
nently in  camivorons  birds,  as  hawks  and  herons,  it  is  exceedingly  short 

The  seals,  which,  thongh  carnivorous,  possess  a  very  long  intestine,  appear 
to  furnish  an  exception ;  but  this  is  doubtless  to  be  explained  as  an  adapta- 
tion to  their  aquatic  habits  :  their  constant  exposure  to  cold  requiring  that 
they  should  absorb  as  much  as  possible  from  their  intestines. 

Herbivorous  animals,  on  the  other  hand,  and  the  ruminants 'especially 
have  very  long  intestines  (in  the  sheep  30  times  the  length  of  the  body) 
which  is  no  doubt  to  be  connected  with  their  lowly  nutritious  diet.  In 
others,  snch  as  the  rabbit,  though  the  intestines  are  not  excessively  long, 
this  is  compensated  by  the  great  length  and  capacity  of  the  caecum.  In 
man,  the  length  of  the  intestines  is  intermediate  between  the  extremes  of 
the  camivora  and  herbivora.  and  his  diet  also  is  intermediate. 

The  PanoreaSy  and  its  Secretion. 

The  Pancreas  is  situated  within  the  curve  formed  by  the 
duodenum ;  and  its  main  duct  opens  into  that  part  of  the  small 
intestine,  through  a  small  opening,  or  through  a  duct  common  to 
H  and  to  the  liver. 

Struotore. — In  structure  the  pancreas  bears  some  resemblance 
to  the  salivary  glands.     Its  capsule  and  septa,  as  well  as  the  blood- 
vessels and  lymphatics,  are  similarly  distributed.     It  is,  however, 
looser  and  softer,  the  lobes  and  lobules  being  less  compactly 
arranged    The  main  duct  divides  into  branches  (lobar  ducts), 
one  for  each  lobe,  and  these  branches  subdivide  into  intralobular 
ducts,  and  these  again  by  their  division  and  branching  form  the 
gland  tissue  proper.   The  intralobular  ducts  correspond  to  a  lobule, 
while  between  them  and  the  secreting  tubes  or  alveoli  are  longer 
or  shorter  intermediary  ducts.     The  larger  ducts  possess  a  very 
distinct  lumen  and  a  membrana  propria  lined  with  columnar 
€|Hthelimn,  the  cells  of  which  are  longitudinally  striated,  but  are 
shorter  than  those  found  in  the  ducts  of  the  salivary  glands.     In 
the  intralobular  ducts  the  epithelium  is  short  and  the  lumen  is 
smaller.    The  intermediary  ducts  opening  into  the  alveoli  possess 
a  distinct  lumen,  with  a  membrana  propria  lined  with  a  single 

T  2 
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tubes,  with  a  membrana  propria  lined  with  a  single 
lumiiar  cells.     Tho  cells  themselves  consist  of  on  outer 
■9t  the  membrana  propria,  which  is  homogeneous  and 
ly  ;  and  an  inner,  more  granular,  and  less  veadilj  stained 
'he  alTeoli  have  no  distinct  lumen,  its  place  being  taken 
1  or  branched  cells.     According  to  Heidenhain,  during 

ution  of  the  inner  zone,  as  at  tho  same  time  the  outer 

;cs.     At  the  end  of  the  digestive  procosa  the  inner  zone 

,t  the  expense  of  tho  outer  one,  the  atriation  of  which 

ore  distinct,  and  tho  whole  cell  enlarges. 

itio   Secretion. — ^Tho  secretion  of  the   pancreas  has 

led  for  purpoaea  of  experiment  from  the  lower  animals, 

he  dog,  by  opening  the  abdomen  and  exposing  the  duct 

1,  which  is  then  made  to  communicate  with  the  exterior. 

ic  fistula  is  thus  established. 

ut  of  pancreas  made  from  the  gland  which  has  been 

L'rtioa  of  pancreatic  secretion.     It  is  made  by  first  de- 

CHAP,  el]  punotions  op  panceeatic  seceetion.        325 

Action  on  Foods. — (i.)  Protetds  are  convened  by  pancreatic 
juice  into  peptones,  the  intermediate  product  being  not  akin  to 
syntonin  or  acid-albumin  as  in  gastric  digestion,  but  to  alkali- 
albumin.  KUhne  believes  that  the  intermediate  products,  both  in 
the  peptic  and  pancreatic  digestion  of  proteids,  are  two,  viz., 
antialbumose  and  hemialbumose,  and  that  the  peptones  formed 
correspond  to  these,  viz.,  antipeptone  and  hemipeptone.  The 
hemipeptone  is  capable  of  being  converted  by  the  action  of  the 
pancreatic  ferment — trypsin — into  leucin  and  tyrosin,  but  is  not 
80  changed,  by  pepsin ;  the  antipeptone  cannot  be  further  split 
up.  The  products  of  pancreatic  digestion  are  sometimes  further 
complicated  by  the  appearance  of  certain  fsecal  substances  of  which 
indol  is  the  most  important. 

*^  Bodies  which  give  the  reaction  of  naphthilamine  and  indol  (Eiihnc)  are 
also  formed,  and  when  the  digestion  goes  on  for  a  long  time  the  indol  is 
formed  in  considerable  quantities,  and  emits  a  most  disagreeable  faecal 
odour,  which  was  attributed  to  putrefaction  till  Kuhne  showed  its  true 
nature  "  (Bmnton). 

(2.)  Nitrogenoxu  bodies  other  tluin  proteids,  are  not  to  any  extent 
altered.  Mucin  can,  however,  be  dissolved,  but  not  gelatin  or 
homy  tissues. 

(3.)  Starch  is  converted  into  glucose  in  an  exactly  similar  manner 
to  that  wiiich  happens  with  the  saliva.  As  mentioned  before,  it 
seems  not  unlikely  that  glucose  is  not  formed  at  once  from  starch, 
but  that  certain  dextrines  are  intermediate  products.  If  the  sugar 
which  is  at  first  formed,  as  is  stated  by  some  chemists,  be  not 
glucose  but  maltose,  at  any  rate  the  pancreatic  juice  after  a  time 
completes  the  whole  change  of  starch  into  glucose.  There  is  a 
distinct  amylolytic  ferment  (Amylopsin)  in  the  pancreatic  juice 
which  cannot  be  distinguished  firom  ptyalin. 

(4-)  Oils  andfais  are  both  emvlsified  and  split  up  into  their  fatty 
acids  and  glycerin  by  pancreatic  secretion.  Even  if  part  of  this  action 
is  duo  to  the  alkalinity  of  the  medium,  it  is  probable  that  there  is 
a  third  distinct  ferment  (Steapsin)  which  facilitates  the  change. 

(5.)  Pancreatic  juice  is  believed  to  possess  the  property  of  curdling 

milk,  containing  a  special  ferment  for  that  purpose.     The  ferment 

11  distinct  from  trypsin  and  will  act  in  the  presence  of  an  acid 

(W.Roberte). 

Conditiona  foyonrable  to  its  action. — ^These  are  similar  to 


a  favoumbla  to  tUu  action  of  the  aaliva,  aud  the 
|83). 

s  have  been  recorded  in  which  the  pancreatic  duct 

|uoted,  ao  that  its  secretion  could  not  be  discharged, 

r  matter  was  abundantly  discharged  from  the  intee- 

Bcai'ly  all  thcBQ  cases,  indeed,  the  liver  was  coincidently 

Id  the  chimge  or  absence  of  the  bile  might  appear  to 

'csnit  i  yet  the  frequency  of  eiteusivo  disease 

■,  uoaccompauicd  by  fatty  discharges  from  the  intos- 

3  tho  view  that,  in  these  coses,  it  is  to  the  absence 

P'catic  fluid  from  the  intestines  that  the  excretion  or 

11  of  fatty  matter  should  be  ascribed.     In  Bernard's 

,  too,  fat  always  appeared  in  the  evacuations  when 

was  destroyed  or  its  duct  tied,     Bernard,  indeed,  is 

t  to  emulsify  fat  is  the  expreia  office  of  the  pancreas, 

lideucc  that  he  and  others  have  brought  forward  in 

Ithe  view  of  the  importance  of  this  function  is  very 


companies  them  ia  their  branchings  through  the  substance  of 
the  liver. 

Stniotiire. — The  liver  is  made  np  of  small  roundish  or  oral 


portions  called  lobuU»,  each  of  which  is  about  -^  of  an  inch  in 
diameter,  and  composed  of  the  minute  branches  of  the  portal 
vein,  hepatic  artery,  hepatic  duct,  and  hepatic  vein;  while  the 


iatersticefi  of  these  vessels  are  filled  by  the  liver  cells.  The 
hepatic  cells  (figs.  171,  177),  which  form  the  glandular  or  se- 
creting part  of  the  liver,  ore  of  a  spheroidal  form,  somewhat 
polygonal  from  mutual  pressure  about  ^ 


meter,  poeaessiug  c 


>,  sometimes  two  nucleL     The  cell-sultstauce 


*  Fig.  170.  The  liver  turned  up  bo  as  to  expose  its  under  surface.  G.  B. 
Otll-bUdder.  K.  D.  Common  bjle^nct.  B.  a.  Hepttic  artery,  v.  p.  Portal 
TOB.  I.  q.  Lobolos  qiuidratiill  L.  S.  Lobnlus  spigelii.  L.  C.  LobaloH 
enditna.     n.  v.  Dnctiu  Tenonu.     V.  v.  Umbilical  vein.     (Noble  Smith.) 

t  Fig.  171,     A.  Idrer-celb.     b.  Ditto,  containing  various  sized  particles 


^H 

^^^^^^^^ 

1 
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icroTia   fatty   molecules,    aud   some  yellow  ish-browii 
bUe-pigmeat,      The    cclk    sometimes    eihibit    slow 
cmciits.     They  are  hdd  together  by  a  verj  delicate 
tissue,  continuous  with  the  interlobular  eonoectivu 

And   tfao    distributiou  of  the   blood-vessels    in   the 
0  well  to  trace,  first,  the  two  bload-vessck  and  the 

F!g.  171.* 

1 

1 
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which  divide  and  subdivide  between  the  lobulee  surrounding 
them  and  limiting  them,  &nd  from  this  circumstance  called 
inf^-lobular  veins.  From  these  small  vessels  a  dense  capillary 
network  is  prolonged  into  the  substance  of  the  lobule,  and  this 
network  gradually  gathering  itself  up,  so  to  speak,  into  larger 
vessels,  converges  finally  to  a  single  small  vein,  occupying  the 
centre  of  the  lobule,  and  hence  called  tnfra-lobular.  This  arrange- 
ment is  well  seen  in  fig;  173,  which  represents  a  transverse  section 
of  a  lobule. 

The   small   trKro-lobular   veins   discharge   their  contents    into 
veins  called  su^lobular  (&  h  h,  fig,  1 74) ;  while  these  again,  by  their 

Fig.  173-- 


anion,  form  the  mtun  branches  of  the  htpalk  veins,  which  leave 
the  posterior  border  of  the  liver  to  end  by  two  or  three  principal 
trunks  in  the  inferior  vena  cava,  just  before  its  passage  through 
the  diaphragm.  The  ani-lobular  and  hepatic  wins,  unlike  the 
portal  vein  and  itfl  companions,  have  little  or  no  areolar  tissue 


*  Tig.  173.  CroM  wctioii  of  a  lobule  of  the  haman  liver,  in  wlu'ch  Ibe 
ci{illuj  network  between  the  portal  and  hepatic  veins  has  been  fully  injected. 
i  Seetkn  of  the  Mro-lobnUr  vein.  3.  Its  amaUer  braucbes  colli-ctiug  blood 
hn  fiw  capIlHy  oetwork.  3.  /nter-Iobalar  branches  of  the  vena  portte 
^  tbdr  imillcr  ramiBcatioiu  paanng  inwards  towarda  the  capillary  networic 
islht wtrtiiee  rfthe  lobnla.     x  6a    (Sappey.) 
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The  hepatic  artery,  the  function  of  wbioh  is  to  distribute  blood 
for  nutritioa  to  Gliaaon's  capsule,  the  walla  of  the  ducts  a 
Teasels,  and  other  parts  of  the  liver,  i 
similar  manner  to  the  portal  vein,  its 
blood  being  returned  by  small  branches 
either   into   the   ramifications    of    the 
portal  vein,  or  into  the  capillary  plexus 
of  the  lobules  which  connects  the  i/tUr- 
and  infra-lobular  veins. 

The  hepatic  duct  divides  and  aul>- 
divides  in  a  manner  vciy  like  that  of 
the  portal  vein  and  hepatic  artery,  the 
larger  branches  being  lined  by  ci/tin- 
drical,  and  the  smaller  by  small  poti/-  j^^,,,,;, 
ffonal  epithelium. 

The    bile-capillaries    commence    be- 
tween the  hepatic  cells,  and  are  bounded 
by  a  delicate  membmnous  wall  of  their  own.     They  appear  to  bo 
Fi's.  i76.t 


*  F^'  '75-  Diigram  •bovring  the  mHiiiieriD  whichthelobuIeaDf  thcliver 
Ttmt  on  the  ■tlblobalai  vsiliB  {after  Eiernan). 

t  Kg.  176.  Capillary  Ectwork  of  tho  lobules  of  the  rabbit's  liver  (from 
KftlUlwT),  If.  Thg  fignr«  ia  taksn  from  a  yetj  sDCcessful  injection  of  the 
hqMtic  TOOM,  made  by  Harting  :  it  shows  aeariy  the  whole  of  two  lobales, 
and  parti  of  three  otbera ;  p,  portal  branches  running  in  the  interlobulnr 
■pMM ;  A,  hepatic  vein  penetrating  and  radiating  from  the  cenli-c  of  the 
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lud  by  hepatic  cells  on  all  sides,  and  are  thus 
aopiirated  from  the  iiearcBt  blood-ca- 
pilliiry  hy  at  least  the  breiidth  of 
one  coll  (figs.  177  nnd  178). 

The  GaU-biadder.— The  Gall- 
Ijladder  (o  n,  fig.  170)  is  a  pyrifoinn 
bag,  attached  to  the  under  surface 
of  the  hTer,  and  supported  also  bj 
the  peritoneum,  vhiuh  passes  below 
it  The  larger  end  br  fundus,  pro- 
jects beyond  the  front  margin  of 
the  hver ;  while  the  smaller  end 
contracts  into  the  cystic  duct. 

Struoture. — The  walla  of  the 
gall-bhxdder  iiro  constructed  of  three 
principal  coats,  (i)  Externally  (ei- 
ccpting  that  part  which  is  in  contact 
with  the  liver),  is  the  terona  coat, 
lie  1L3  the  poi'i  tone  lira  with  which  it  is 

j;j.  17S.+ 
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continuous.  Within  this  is  (2)  the  fibratu  or  areolar  coat,  con- 
structed of  tough  fibrous  and  elastic  tissue,  with  which  is  mingled 
a  considerable  number  of  plain  muscular  fibres,  both  longitudinal 
and  circular.  (3)  Internally  the  gall-bladder  is  lined  by  mucous 
membrane,  and  a  layer  of  colimmar  epithelium.  The  surface  of 
the  mucous  membrane  presents  to  the  naked  eye  a  minutely 
honeycombed  appearance  from  a  number  of  tiny  polygonal  de- 
pressions with  intervening  ridges,  by  which  its  surface  is  mapped 
out.  In  the  cystic  duct  the  mucous  membrane  is  raised  up  in 
the  form  of  crescentic  folds,  which  together  appear  like  a  spiral 
valve,  and  which  minister  to  the  function  of  the  gall-bladder  in 
retaining  the  bile  during  the  intervals  of  digestion. 

The  gall-bladder  and  all  the  main  biliary  ducts  are  provided 
with  mucous  glands,  which  open  on  their  internal  surface. 

Fnnotions  of  the  Idver. — The  functions  of  the  Liver  may  be 
classified  under  the  following  heads  : — 
I.  The  Secretion  of  Bile. 
3.  The  Elaboration  of  Blood. 
3.  The  Glycogenic  Function. 

I.  The  BUe. 

Composition. — The  bile  is  a  somewhat  viscid  fluid,  of  a  yellow 
or  reddish-yellow  colour,  a  strongly  bitter  taste,  and,  when  fresh, 
with  a  scarcely  perceptible  odour;  it  has  a  neutral  or  slightly 
alkaline  reaction,  and  its  specific  gravity  is  about  1020.  Its 
colour  and  degree  of  consistence  vary  much,  apparently  inde- 
pendent of  disease ;  but,  as  a  rule,  it  becomes  gradually  more 
deeply  coloured  and  thicker  as  it  advances  along  its  ducts,  or 
when  it  remains  long  in  the  gall-bladder,  wherein,  at  the  same  time, 
it  becomes  more  viscid  and  ropy,  of  a  darker  colour,  and  more  bitter 
taste,  mainly  from  its  greater  degree  of  concentration,  on  accoimt 
of  partial  absorption  of  its  water,  but  partly  also  from  being  mixed 
wiUi  mucus. 

Composition  of  Human  Bile.    (Frcrichs.) 

Water 859*2 

BolidB ...      140-8 

1000*0 
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CholcBWrin 2-6 

JIucns  rand  colouring mAiicre     ....       si)S 
Salt 77 

I40"8 

L  freed  by  ether  from  the  fat  with  which  it  is  uom- 
resiiioid   substance,    sohilile    in  water,  alcohol,  aiid 
.ions,  and  giving  to  the  watery  solution  the  taato 
ihiiracter  of  liile.     Tt  is  a  compound  of  soda,  with 
acida,  named  glycocbolio  and  taurocholio  acids.     The 
ts  of  cholic  acid  conjugated  with  glycin  (see  Appen- 
T  of  the  same  acid  conjugated  with  taurin. 
wcfa  are  found  in  variable  proportions  in  the  bile. 

hioh,  with  the  other  free  fate,  is  probably  held  iu 
10  taurocholato  of  soda. 

led  hiliruhin  or  lilifutvin  ;  a  green  colouring  matter. 

p.  13£.] 
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is  probably  to  be  ascribed  the  rapid  deoompoaition  undergone 
by  the  bilin;  for,  according  to  Berzelius,  if  the  mucus  be  sepa- 
rated, bile  will  remain  unchanged  for  many  days. 

The  »aline  or  inorganic  coiutitwnU  of  the  bile  are  similar  to 
those  found  in  most  other  secreted 
fluids.  It  is  possible  that  tbe 
carbonate  and  neutral  phosphate 
of  sodium  and  potassium,  found 
in  the  aahes  of  bile,  are  formed 
in  the  incineration,  and  do  not 
exist  as  such  in  the  fluid.  Oxide 
of  iron  is  said  to  be  a  common 
oonatituent  of  the  asbea  of  bile, 
and  copper  is  generally  found  in 
healthy  bile,  and  constantly  in 
biliary  calculi 

Testa  for  Bile.  —  A   common 
test  for  the  presence  of  bile-pig- 
ment consists  of  the  addition  of  a  small  quantity  of  fuming  nitric 
acid,  when,  if  bile  be  present,  a  play  of  colours  is  produced,  begin- 
ning with  green  and  passing  through  various  tints  to  red. 

The  best  test  for  the  hilva  is  Petteukofer's.  To  tbe  liquid 
sospected  to  contain  bile  must  be  added,  first,  a  drop  or  two  of  a 
strong  solution  of  cane-sugar  (one  part  of  sugar  to  four  parts  of 
water),  and  immediately  afterwards  sulphuric  acid,  to  the  eitent 
of  about  two-thirds  of  the  liquid.  On  firet  adding  the  acid, 
a  whitish  precipitate  falls ;  but  this  rc-dissolves  with  a  slight 
excess  of  the  acid,  and  on  the  further  addition  of  the  latter  there 
spears,  if  bile  acids  be  present,  a  bright  cherry-red  colour, 
gradually  changing  through  a  lake  tint,  to  a  dark  purple. 

Mode  of  Becretiim  and  Sisobarge. — The  process  of  secreting 
bile  is  continually' going  on,  but  appears  to  be  retarded  during 
fasting,  and  accelerated  on  taking  food.  This  was  shown  by 
Blondlot,  who,  having  tied  the  common  bilenluct  of  a  dog,  and 
established  a  fistulous  opening  between  the  skin  and  gall-bladder, 
whereby  all  the  bile  secreted  was  discharged  at  the  surface, 
noticed  that  when  the  animal  was  fasting,  sometimes  not  a  drop 
oC  bile  was  discharged  for  several  hours ;  but  that,  in  about  ten 

*  7'S-  179-     CcyataUi&s  scale*  of  choleBterin. 
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r  tho  introduction  of  food  into  the  stoniaeh,  the  bile 
w  abnadantly,  and  ooiitinued  to  do  so  durirnj  tlie 
of  digestion.     Bidder  and  ScJimidt'a  obacrvatious  are 
■rdance  with  this. 

i  formed  in  the  hepatic  cells  ;  then,  being  diachfljged 
iitc  hepatic  dttcts,  it  passes  into  the  larger  trunks, 
1  main  hopatic  duct  may  bo  carried  at  once  into  the 

uriiig  fasting,  it  regurgitates  from  tlie  common  bile- 
1  the  cystic  duct,  into  the  gall-bladder,  where  it  iic- 
il,  in  the  next  period  of  digestion,  it  is  discharged  into 
.     The  gall-bladder  thus  fulfils  what  appears  to  bo  its 
y  office,  that  of  a  reservoir ;  for  its  presence  enables 
iistatitly  secreted,  yet  insures  its  employment  in  the 
gcstion,  although  digestion  is  jieriodio,  and  the  secre- 
oiiatant 

mism  by  which  the  bile  passes  into  the  gall-bladder 
Tlie   orifice   through    which   the   common   bile-duct 
IS  with  the  duodenum  is  narrower  than  the  duct,  and 
ie  closed,  except   when  there  is  sufficient   pressure 
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absorbed  in  great  excess  into  the  blooc(,  and,  circulating  with  it, 
gives  rise  to  the  well-known  phenomena  of  jaundice. 

Quantity. — Various  estimates  have  been  made  of  the  quantity 
of  bile  discharged  into  the  intestines  in  twenty-four  hours :  the 
quantity  doubtless  varying,  like  that  of  the  gastric  fluid,  in  prp- 
portion  to  the  amount  of  food  taken.  A  fair  average  of  several 
computations  would  give  thirty  to  forty  ounces  as  the  quantity 
daily  secreted  by  man. 

Uses.-^!.)  As  an  excrementitious  substance,  the  bile  may  serve 
especially  as  a  medum  for  the  separation  of  excess  of  carbon  and 
hydrogen  from  the  blood ;  and  its  adaptation  to  this  purpose  is 
well-illustrated  by  the  peculiarities  attending  its  secretion  and 
disposal  in  the  foetus.  During  intra-uterine  life,  the  lungs  and 
the  intestinal  canal  are  almost  inactive  ;  there  is  no  respiration  of 
open  air  or  digestion  of  food ;  these  are  unnecessary,  on  account 
of  the  supply  of  well  elaborated  nutriment  received  by  the  vessels 
of  the  foetus  at  the  placenta.  The  liver,  during  the  same  time,  is 
proportionately  larger  than  it  is  after  birth,  and  the  secretion  of 
bile  is  active,  although  there  is  no  food  in  the  intestinal  canal 
upon  which  it  can  exercise  any  digestive  property.  At  birth,  the 
intestinal  canal  is  full  of  thick  bile,  mixed  with  intestinal  secre- 
tion ;  for  the  meconium,  or  fseces  of  the  foetus,  are  shown  by  the 
analyses  of  Simon  and  of  Frerichs  to  contain  all  the  essential 
principles  of  bile. 

Cofmpositicm  of  Meconiam  (FrerichB)  : 

Biliary  resin 15*6 

Ck>mmon  fat  and  cholesterin 15*4 

Epithelium,  mucous,  pigment,  and  salts     .        .  690 


lOO'O 


In  tbe  foetus,  therefore,  the  main  purpose  of  the  secretion  of  bile 

most  be  the  purification  of  blood  by  direct  excretion,  i.e.,  by 

separation  of  the  blood,   and  ejection  from  the  body  without 

further  change.     Probably  all  the  bile  secreted  in  foetal  life  is 

incorporated  in  tbe  meconium,  and  with  it  discharged,  and  thus 

the  liver  may  be  said  to  discharge  a  fimction  in   some   sense 

vicarious  of  that  of  the  lungs.     For,  in  the  foetus,  nearly  all  the 

^Aood  coming  firom  the  placenta  passes  through  the  liver,  previous 

to  its  distribution  to  the  several  organs  of  the  body ;  and  the 
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abstraction  of  carbon,  hydrogen,  and  other  elements  of  bile  will 
purify  it,  as  in  extra-uterine  life  it  is  purified  by  the  separation 
of  carbonic  acid  and  water  at  the  lungs. 

The  evident  disposal  of  the  foetal  bile  by  excretion,  makes  it 
highly  probable  that  the  bile  in  extra-uterine  life  is  also,  at  least 
in  part,  destined  to  be  dischai^ged  as  excrementitious.  But  the 
analysis  of  the  faeces  of  both  children  and  adult  shows  that 
(except  when  rapidly  discharged  in  purgation)  they  contain  veiy 
little  of  the  bile  secreted,  probably  not  more  than  one-sixteenth 
part  of  its  weight,  and  that  this  portion  includes  chiefly  its 
colouring,  and  some  of  its  fatty  matters,  and  to  only  a  very 
slight  degree,  its  essential  principle,  the  bilin.  Almost  all  the 
bilin  is  again  absorbed  from  the  intestines  into  the  blood.  But 
the  elementary  composition  of  bilin  shows  such  a  preponderance 
of  carbon  and  hydrogen,  that  probably,  after  absorption,  it  com- 
bines with  oxygen,  and  is  excreted  in  the  form  of  carbonic  acid 
and  water. 

The  change  after  birth,  from  the  direct  to  the  indirect  mode 
of  excretion  of  the  bile  may,  with  much  probability,  be  connected 
with  a  purpose  in  relation  to  the  development  of  heat.  The 
temperature  of  the  foetus  is  maintained  by  that  of  the  parent, 
and  needs  no  source  of  heat  within  the  body  of  the  foetus  itself; 
but,  in  extra-uterine  life,  there  is  (as  one  may  say)  a  waste  of 
material  for  heat  when  any  excretion  is  discharged  imoxidized ; 
the  carbon  and  hydrogen  of  the  bilin,  therefore,  instead  of  being 
ejected  in  the  fajoes,  are  re-absorbed,  in  order  that  they  may  be 
combined  with  oxygen,  and  that  in  the  combination  heat  may  be 
generated. 

A  peculiar  substance,  which  Dr.  Flint  has  discovered  in  the 
fasces,  and  named  stercorin  is  closely  allied  to  cholesterin ;  and 
Dr.  Flint  believes  that  while  one  great  fimction  of  the  liver  is 
to  excrete  cholesterin  from  the  blood,  as  the  kidney  excretes 
urea,  the  stercorin  of  faeces  is  the  modified  form  in  which 
cholesterin  finally  leaves  the  body.  Ten  grains  and  a  half  of 
stercorin,  he  reckons,  are  excreted  daily. 

From  the  peculiar  manner  in  which  the  liver  is  supplied  with 
much  of  the  blood  that  flows  through  it,  it  is  probable,  as  Dr. 
Budd  suggests,  that  this  organ  is  excretory,  not  only  for  such 
hydro-carbonaceous  matters  as  may  need  expulsion  from  any 
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portion  of  the  blood,  but  that  it  serves  for  the  direct  purification 
of  the  stream  which,  arriving  by  the  portal  vein,  has  just 
gathered  up  various  substances  in  its  course  through  the  diges- 
tive organs — substances  which  may  need  to  be  expelled,  almost 
immediately  after  their  absorption.  For  it  is  easily  conceivable 
that  many  things  may  be  taken  up  during  digestion,  which  not 
only  are  imfit  for  purposes  of  nutrition,  but  which  would  be 
positively  injurious  if  allowed  to  mingle  with  the  general  mass 
of  the  blood.  The  liver,  therefore,  may  be  supposed  placed  in 
the  only  road'  by  which  such  matters  can  pass  unchanged  into 
the  general  current,  jealously  to  guard  against  their  further 
progress,  and  turn  them  back  again  into  an  excretory  channel. 
The  frequency  with  which  metallic  poisons  are  either  excreted 
by  the  liver  or  intercepted  and  retained,  often  for  a  considerable 
time,  in  its  own  substance,  may  be  adduced  as  evidence  for  the 
probable  truth  of  this  supposition. 

Though  one  chief  purpose  of  the  secretion  of  bile  may  thus 
appear  to  be  the  purification  of  the  blood  by  ultimate  excretion, 
yet  there  are  many  reasons  for  believing  that,  while  it  is  in  the 
intestines  it  performs  an  important  part  in  the  process  of  diges- 
tion. In  nearly  all  animals,  for  example,  the  bile  is  discharged, 
not  through  an  excretory  duct  communicating  with  the  external 
surface  or  with  a  simple  reservoir,  as  most  excretions  are,  but  is 
made  to  pass  into  the  intestinal  canal,  so  as  to  be  mingled  with 
the  chyme  directly  after  it  leaves  the  stomach  ;  an  arrangement, 
the  constancy  of  which  clearly  indicates  that  the  bile  has  some 
important  relations  to  the  food  with  which  it  is  thus  mixed. 
A  similar  indication  is  furnished  also  by  the  fact  that  the  secre- 
tion of  bOe  is  most  active,  and  the  quantity  dischai^ed  into  the 
mtestines  much  greater,  during  digestion  than  at  any  other  time  ; 
althongh,  without  doubt,  this  activity  of  secretion  during  diges- 
tion may,  however,  be  in  part  ascribed  to  the  fact  that  a  greater 
quantity  oflbloc^  is  sent  through  the  portal  vein  to  the  liver  at 
this  time,  and  that  this  blood  contains  some  of  the  materials  of 

the  food  absorbed  from  the  stomach  and  intestines,  which  may 

need  to  be  excreted,  either  temporarily,  (to  be  afterwards  re- 

t^Aorbed,)  or  permanently. 
(2).    DigeMYe  Fnnotions.  —  Respecting  the  functions  dia- 

<biged  by  the  bilo  in  digestion,  there  is  little  doubt  that  it 

%  2 
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(a.)  assists  in  emulsifying  the  fatty  portions  of  the  food,  and  thus 
i"endering  them  capable  of  being  absorbed  by  the  lacteala.  For 
it  has  appeared  in  some  experiments  in  which  the  conmion  bile- 
duct  was  tied,  that  although  the  process  of  digestion  in  the 
stomach  was  unaffected,  chyle  was  no  longer  well-formed ;  the 
contents  of  the  lacteals  consisting  of  clear,  colourless  fluid,  instead 
of  being  opaque  and  white,  as  they  ordinarily  are,  after  feeding. 

(6.)  It  is  probable,  also,  from  the  result  of  some  experiments 
by  Wistiughausen  and  Hoffmann,  that  the  moistening  of  the 
mucous  membrane  of  the  intestines  by  bile  facilitates  absorp- 
tion of  fatty  matters  through  it. 

(c.)  The  bile,  like  the  gastric  fluid,  has  a  considerable  anti- 
septic power,  and  may  serve  to  prevent  the  decomposition  of  food 
during  the  time  of  its  sojourn  in  the  intestines.  The  experiments 
of  Tiedemann  and  Gmelin  show  that  the  contents  of  the  intestines 
are  much  more  foetid  after  the  common  bile-duct  has  been  tied 
than  at  other  times  ;  and  the  experiments  of  Bidder  and  Schmidt 
on  animals  with  an  artificial  biliary  fistula,  confirm  this  observa- 
tion; moreover,  it  is  found  that  the  mixture  of  bile  with  a 
fermenting  fluid  stops  or  spoils  the  process  of  fermentation. 

(cf.)  The  bile  has  also  been  considered  to  act  as  a  kind  of 
natural  purgative,  by  promoting  an  increased  secretion  of  the 
intestinal  glands,  and  by  stimulating  the  intestines  to  the  pro- 
pulsion of  their  contents.  This  view  receives  support  from  the 
constipation  which  ordinarily  exists  in  jaundice,  from  the  diarrhoea 
which  accompanies  excessive  secretion  of  bile,  and  from  the'  pur- 
gative properties  of  ox-gall. 

{e,)  The  bile  appears  to  have  the  power  of  precipitating  the 
gastric  parapcptones  and  peptones  together  with  the  pepsin  which 
is  mixed  up  with  them  as  soon  as  the  contents  of  the  stomach  meet 
with  it  in  the  duodenum.  The  purpose  of  this  operation  is  pro- 
bably both  to  delay  any  change  in  the  parapcptones  until  the 
pancreatic  juice  can  act  upon  them,  and  also  to  prevent  the  pepsin 
from  exercising  its  solvent  action  on  the  ferments  of  the  pancreatic 
juice. 

Nothing  is  known  with  certainty  respecting  the  changes  which 
the  re-absorbed  portions  of  the  bile  undergo.  That  they  are 
much  changed  appears  from  the  impossibility  of  detecting  them 
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in  the  blood  ;  and  that  part  of  this  change  is  effected  in  the  liver 
is  probable  from  an  experiment  of  Magendie,  who  found  that 
when  he  injected  bile  into  the  portal  vein,  a  dog  was  imharmed, 
but  was  killed  when  he  injected  the  bile  into  one  of  the  systemio 
Tcssels. 

II.  The  Liver  as  a  Blood-elaborating  Gland. — The  secre- 
tion of  bile,  as  already  observed,  is  only  one  of  the  purposes  fulfilled 
by  the  liver.  Another  very  important  function  appears  to  be  that 
of  so  acting  upon  certain  constituents  of  the  blood  passing  through 
it,  as  to  render  some  of  them  capable  of  assimilation  with  the 
blood  generally,  and  to  prepare  others  for  being  duly  eliminated 
in  the  process  of  respiration.  From  the  labours  of  M.  Bernard,  to 
whom  we  owe  most  of  what  we  know  on  this  subject,  it  appears 
that  the  peptones,  conveyed  from  the  alimentary  canal  by 
the  blood  of  the  portal  vein,  require  to  be  submitted  to  the  in- 
fluence of  the  liver  before  they  can  be  assimilated  by  the  blood ; 
for  if  such  albuminous  matter  is  injected  into  the  jugular  vein,  it 
speedily  appears  in  the  urine ;  but  if  introduced  into  the  portal 
yein,  and  thus  allowed  to  traverse  the  liver,  it  is  no  longer  ejected 
as  a  foreign  substance,  but  is  incorporated  with  the  albuminous 
part  of  the  blood.  Albuminous  matters  are  also  subject  to  de- 
composition by  the  liver  in  another  way  to  be  immediately 
noticed  (p.  343). 

IIL  Glycogenio  Fonction  of  the  Liver. — The  important  fact 
that  the  liver  normally  forms  glucose  or  grape  sugar,  or  a  substance 
readily  convertible  into  it,  was  discovered  by  Claude  Bernard  in 
2848,  in  the  course  of  some  experiments  which  he  undertook  for 
the  purpose  of  finding  out  in  what  part  of  the  circulatory  system 
the  saccharine  matter  disappeared,  which  was  absorbed  frx)m  the 
alimentary  canaL 

With  this  purpose  he  fed  a  dog  for  seven  days  with  food  con- 
taining a  lai^  quantity  of  sugar  and  starch ;  and,  as  might  be 
expected,  found  sugar  in  both  the  portal  and  hepatic  veins.  He 
then  fed  a  dog  with  meat  only,  and,  to  his  surprise,  still  found. 
sugar  in  the  hepatic  veins.  Repeated  experiments  gave  in- 
variably the  same  result ;  no  sugar  being  foimd,  under  a  meat 
diet,  in  the  portal  vein,  if  care  were  taken,  by  applying  a  ligature 
on  it  at  the  transverse  fissure,  to  nrevent  reflux  of  blood  from  the 
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hepatic  venous  system.  Bernard  found  sugar  also  in  the  sub- 
stance of  the  liver.  It  thus  seemed  certain  that  the  liver  formed 
sugar,  even  when  from  the  absence  of  saccharine  and  amyloid 
matters  in  the  food,  none  could  be  brought  directly  to  it  from  the 
stomach  or  intestines. 

Excepting  cases  in  which  large  quantities  of  starch  and  sugar 
were  taken  as  food,  no  sugar  was  found  in  the  blood  after  it  had 
passed  through  the  limgs  ;  the  sugar  formed  by  the  liver,  having 
presumably  disappeared  by  combustion,  in  the  course  of  the 
pulmonary  circulation. 

Bernard  found,  subsequently  to  the  before-mentioned  experi- 
ments, that  a  hver,  removed  from  the.  body,  and  from  which  all 
sugar  had  been  completely  washed  away  by  injecting  a  stream  of 
water  through  its  blood-vessels,  will  be  foimd,  after  the  lapse  of 
a  few  hours,  to  contain  sugar  in  abundance.  This  post-mortem 
production  of  sugar  was  a  fact  which  could  only  be  explained  in 
the  supposition  that  the  liver  contained  a  substance,  readily  con- 
vertible into  sugar  in  the  course  merely  of  post-mortem  decom- 
position j  and  this  theory  was  proved  correct  by  the  discovery  of  a 
substance  in  the  liver  allied  to  starch,  and  now  generally  termed 
glycogen.  We  may  believe,  therefore,  that  the  liver  does  not  form 
sugar  directly  from  the  materials  brought  to  it  by  the  blood,  but 
that  glycogen  is  first  formed  and  stored  in  its  substance  ;  and 
that  the  sugar  when  present,  is  the  result  of  the  transformation 
of  the  latter. 

Quantity  of  Glycogen  formed. 

Although,  as  before  mentioned,  glycogen  is  produced  by  the  liver  when 
neither  starch  nor  sugar  is  present  in  the  food,  its  amount  is  much  less  under 
such  a  diet.  This  is  well  shown  by  Pavy's  experiments,  which  may  be  thus 
tabulated  : — 

Average  amount  of  Olycogen  in  the  Liver  of  Dogs  under  variotis  Diet*, 

Diet.  Amount  of  Glycogen  In  Liver. 

Animal  food yig  per  cent. 

Animal  food  with  sugar  (about  \  lb.  of  sugar  daily)     14*5  „ 

Vegetable  diet  (potatoes,  with  bread  or  barley-meal)     1 7*23       „ 

The  dependence  of  the  formation  of  glycogen  on  the  food  taken  is  also 
well  shown  by  the  following  results,  obtained  by  the  same  experimenter : — 
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Average  quantity  of  Olycogen  found  in  the  Liver  of  RahhiU  after  Fasting 
and  after  a  diet  of  Starch  and  Sugar  reepectively, 

Avenige  amoimt  of  Olycogen  in  Liver. 
After  fastiDg  for  three  days        ....    Practically  absent. 
„     diet  of  starch  and  grape-sagar     .        .    .    15*4  per  cent. 
,,  „    cane*SDgar 16*9       „ 

Regarding  these  facts  there  is  no  dispute.  All  are  agreed  that 
glycogen  is  formed,  and  laid  up  in  store,  temporarily,  by  the  liver- 
cells  ;  and  that  it  is  not  formed  exclusively  from  saccharine  and 
amylaceous  foods,  but'  from  albuminous  substances  also ;  the 
albumin,  in  the  latter  case,  being  probably  split  up  into  glycogen 
which  is  temporarily  stored  in  the  liver,  and  urea  which  is  ex- 
creted by  the  kidneys. 

Destination  of  Glycogen. — There  are  two  chief  theories  on 
the  subject  of  the  destination  of  glycogen,  (i.)  According  to 
Bernard  and  most  other  physiologists,  the  conversion  of  glyco- 
gen into  sugar  takes  place  rapidly  during  life  by  the  agency  of  a 
ferment  also  formed  in  the  liver ;  and  the  sugar  is  convoyed  away 
by  the  blood  of  the  hepatic  veins,  and  soon  undergoes  combustion. 
(2.)  Pavy  and  others  believe  that  the  conversion  into  sugar 
onlj  occurs  after  death,  and  that  during  life  no  sugar  exists  in 
healthy  livers;  glycogen  not  imdergoing  this  transformation. 
The  chief  arguments  advanced  by  Pavy  in  support  of  this  view 
are,  (a)  that  scarcely  a  trace  of  sugar  is  found  in  blood  drawn 
during  life  from  the  right  ventricle,  or  in  blood  collected  from  the 
right  side  of  the  heart  immediately  after  an  animal  hna  been  killed  ; 
while  if  the  examination  be  delayed  for  a  very  short  time  after 
death,  sugar  in  abundance  may  be  foimd  in  such  blood ;  (6),  that 
the  liver,  like  the  venous  blood  in  the  heart,  is,  at  the  moment  of 
death,  completely  free  from  sugar,  although  afterwards  its  tissue 
speedily  becomes  saccharine,  unless  the  formation  of  sugar  be  pre- 
-vented  by  freezing,  boiling,  or  other  means  calculated  to  interfere 
with  the  action  of  a  ferment  on  the  amyloid  substance  of  the 
organ.  Instead  of  adopting  Bernard's  view,  that  normally,  during 
life,  glycogen  passes  as  sugar  into  the  hepatic  venous  blood,  and 
thereby  is  conveyed  to  the  lungs  to  be  further  disposed  of,  Pavy 
XDclines  to  the  belief  that  it  may  represent  an  intermediate  stage  in 
tbe  formation  of  fat  frx>m  materials  absorbed  from  the  alimentary 
euiaL 
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Bar  and  Glyoogen. — To  demonstrate  the  presence 
lie  livor,  a  portion  of  this  organ,  after  being  cut  into 
.  ia  bniised  in  a  mortar  to  a  pulp  with  a  small  quantity 
i  the  pulp  is  boiled  with  sodium-sulphate  in  order  to 
.Ibuminoua  and  colouring  matters.     The  decoction  is 

and  may  Ira  tested  for  glucose.  The  most  usual  test 
■"s.  To  the  filtered  solution  an  equal  quantity  of 
iic  is  added,  with  a  few  drops  of  a  solution  of  sulphate 

The  misture  is  then  boiled,  when  the  presence  of 
cated  by  a  reddish-brown  precipitate  of  the  suboxide 

(Cj  H,o  Oj)  ia  obtained  by  taking  a  portion  of  hver 
ntly  killed  animal,  and,  after  cutting  it  into  amail 
Qg  it  for  a  short  time  in  boiling  water.     It  is  then 
mortoT,  until  it  forms  a  pulpy  moss,  and  subsequently 
iatilled  water  for  about  a  quarter  of  an  hour.     The 
precipitated  from  the  filtered  decoction  by  the  addition 

lified,  glycogcu  ia  a  white,  amorphous,  atorch-like  sub- 
irleaa  and    tasteless,   soluble    in   water,    insoluble  in 
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excess,  and  in  the  other  it  is  almost  absent.  The  nature  of  the 
influence  ia  uncertain.  It  may  bo  exercised  in  dilating  the  hepatio 
vessels,  or  possibly  in  the  liver  oeUs  themselves.  The  whole 
course  of  the  nervous  stimulus  cannot  be  traced  to  the  liver,  but 
at  first  it  passes  irom  the  medulla  down  the  spinal  cord  as  iar  as 
— in  rabbits — the  fourth  dorsal  vertebra,  and  thence  to  the  first 
thoracic  ganglion. 

Many  other  circumstances  yiill  cause  glycosuria.  It  has  been 
observed  after  the  adminiatration  of  various  drugs,  after  the  in- 
jection of  urari  (Schiff),  poisoning  with  carbonic  oxide  gas  (Schiff, 
Kidiiirdsun),  the  inhalation  of  ether,  chloroform,  etc.  (Harley), 
the  injection  of  oxygenated  blood  into  the  portal  venous  system 
(Favy).  It  haa  been  observed  in  nmn  after  ii^uries  to  the  head, 
and  in  the  course  of  various  diseases. 

The  well-known  disease,  diaheta  mellUua,  in  which  a  large 
quantity  of  sugar  is  persistently  secreted  daily  with  the  urine, 
has,  doubtless,  some  close  relation  to  the  normal  glycogenic 
function  of  the  liver ;  but  the  nature  of  the  relationship  is  at 
present  quite  unknown. 

Bommary  of  the  Changes  whloh  take  plaoe  in  th«  Food 
during  its  Passage  through  the  Small  Intestine. 
In  order  to  understand  the  changes  in  the  food  which  occur 
during  its  passage  through  the  small  intestine,  it  will  be  well  to 
refer  briefly  to  the  state  in  which  it  leaves  the  stomach  through 
the  pylorus.  It  has  been  said  before,  that  the  chief  office  of  the 
stomach  ia  not  only  to  mix  iuto  on  uniform  moss  all  the  varieties 
of  food  that  reach  it  through  the  (esophagus,  but  especially  to 
dissolve  the  nitrogenous  portion  by  means  of  the  gastric  juice. 
The  fatty  matters,  during  their  sojourn  in  the  stomach,  become 
more  thoroughly  mingled  with  the  other  conatituenta  of  the  food 
taken,  but  are  not  yet  in  a  state  fit  for  absorption.  The  con- 
veraion  of  starch  into  sugar,  which  began  in  the  mouth,  has 
been  interfered  with,  although  not  stopped  altogether.  The 
soluble  matters — both  those  which  were  so  from  the  first,  as 
sugar  and  saline  matter,  and  those  which  have  been  made  so  by 
the  action  of  the  saliva  and  gastric  juice — have  begun  to  dis- 
appear by  absorption  into  the  blood-vessels,  and  the  same  thing 
has  befallen  such  fluids  as  may  have  been  -  swallowed, — wine, 
water,  eta 
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altoceous  chyme,  tberefore,  which,  during  the  whole 
io  digestion,  is  being  conetantly  squeezed  or  straiued 

-,  broken  down,  dissolving  and  half  dissolved ;  fatty 
1  down,  but  nut  dissolved  at  all ;  etarch  veiy  slowly 
onveraion  into  sugar,  and  as  it  be&imes  sugar,  aIso 
he  fluids  with  which  it  is  mixed  ;  while,  with  these 
giiKtric   fluid,  and  fluid    that  has  been  swallowed, 
such  portions  of  tiie  food  as  are  not  digestible,  and 
expelled  as  part  of  the  fujces. 

.ranoe  of  the  chyme  into  the  duodenum,  it  is  sub- 
influence  of  the  fluid  secreted  by  Liebcrkiihn's  and 
uds,  and  to  that  of  the  bile  and  pancreatic  juice, 
lurod   into   this  imrt  of  the   intestine.     All  these 
■e  a  more  or  leas  alkaline  reaction,    and  by  their 
.h  the  gastric  cbyme,  its  acidity  becomes  leas  and 
length,  at  about  the  middle  of  the  small  intestine, 
ocomes  alkaline  and  continues  bo  far  as  the  ileo-ciecal 

.  digestive  functions  of  the  smitll  intestine  may  be 
under  the  following  heads  :— 
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last-named  secretioa  iB  assisted  by  that  of  the  panoreBS  and  intoft- 
tinal  glands.  I'he  pepsin  is  rendered  inert  by  being  precipitated 
together  with  the  gaBtrio  peptones  and  parapeptones,  aa  aoon  om 
the  chyme  meets  with  bile.  By  these  means  the  pancreatio 
ferment  trypsin  is  enabled  to  proceed  with  the  ftuther  conversion 
of  the  parapeptones  into  peptones,  and  of  the  part  of  the  peptone 
(heimpeptone,  Kuhne)  into  Icucin  and  tyrosin,  AUMminom  sub- 
stances, which  arc  chemically  altered  in  the  process  of  digestion 
(peptones),  and  gelatinous  matters  similarly  changed,  are  ab- 
sorbed by  both  the  blood-vessels  and  lymphatics  of  the  intestinal 
mucous  membrane.  Albuminous  matters,-  in  a  state  of  solution, 
which  have  not  undergone  the  peptonic  change,  are  probably, 
from  the  difficulty  with  which  they  difuse,  absorbed,  if  at  all, 
almost  solely  by  the  lymphatics. 

(3.)  The  ttarclty,  or  amyloid  portions  of  the  food,  the  conver- 
sion of  which  into  dextrin  and  sugar  was  more  or  less  inter- 
rupted during  its  stay  in  the  stomach,  is  now  acted  on  briskly 
by  the  pancreatic  juice  and  the  succus  entericus  ;  and  the  sugar, 
as  it  is  formed,  ia  dissolved  in  the  intestinal  fluids,  and  is  absorbed 
chiefly  by  the  blood-vessels. 

(4.)  .Sa/ine  and  »aecliarirte  matters,  as  common  salt,  or  cane- 
sagar,  if  not  in  a  state  of  solution  beforehand  in  the  saliva  or 
other  fluids  which  may  have  been  swallowed  with  them,  are  at 
once  diasolvcti  in  the  stomach,  and  if  not  here  absorbed,  are  soon 
taken  up  in  the  small  intestine ;  the  blood-vessels,  as  in  the  last 
case,  being  chiefly  concerned  in  the  absorption.  Cane  sugar  is  in 
part  or  wholly  converted  into  grape-sugar  before  its  absorption. 
This  is  probably  accomplished  by  n  ferment  in  the  succus  entericus. 

(5.)  The  liquids,  including  in  this  term  the  ordinary  drinks, 
as  woter,  wine,  ale,  tea,  etc,  which  may  have  escaped  absorp- 
tion in  the  stomach,  are  absorbed  very  soon  after  their 
entrance  into  the  intestine ;  the  fluidity  of  the  contents  of  the 
latter  being  preserved  more  by  the  constant  secretion  of  fluid  by 
the  intestinal  glands,  pancreas,  and  liver,  than  by  any  given 
portion  of  fluid,  whether  swallowed  or  secreted,  remaining  lonjj 
unabsorbed.  From  this  fact,  therefore,  it  may  be  gathered  that 
there  is  a  kind  of  circulation  constantly  proceeding  from  the 
intestines  into  the  blood,  and  from  the  blood  into  the  intestines 
a^n;  for  as  all  the  fluid — a  very  laise  amount — secreted  by 
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the  intestinal  glands,  must  come  from  the  blood,  the  latter  would 
be  too  much  drained,  were  it  not  that  the  same  fluid  after  secre- 
tion is  again  re-absorbed  into  the  current  of  blood — agoing  into 
the  blood  charged  with  nutrient  products  of  digestion — coming 
out  again  by  secretion  through  the  glands  in  a  comparatiyelj 
imcharged  condition. 

At  the  lower  end  of  the  small  intestine,  the  chyme,  still  thin 
and  pultaceous,  is  of  a  light  yellow  colour,  and  has  a  distinctly 
ftecal  odour.  This  odour  depends  upon  the  formation  of  indoL 
In  this  state  it  passes  through  the  ileo-co^cal  opening  into  the 
lai^e  intestine. 

Summary  of  the  Process  of  Digestion  in  the  Large 

Intestine. 

The  changes  which  take  place  in  the  chyme  after  its  passage 
fix)m  the  small  into  the  large  intestine  are  probably  only  the 
continuation  of  the  same  changes  that  occur  in  the  course  of  the 
food's  passage  through  the  upper  part  of  the  intestinal  canal. 
From  the  absence  of  villi,  however,  we  may  conclude  that  absorp- 
tion, especially  of  fatty  matter,  is  in  great  part  completed  in  the 
small  intestine;  while,  from  the  still  half-liquid,  pultaceous 
consistence  of  the  chyme  when  it  first  enters  the  csccum,  there  can 
be  no  doubt  that  the  absorption  of  liquid  is  not  by  any  means 
concluded.  The  peculiar  odour,  moreover,  which  is  acquired 
after  a  short  time  by  the  contents  or  the  large  bowel,  would  seem 
to  indicate  a  further  chemical  change  in  the  alimentary  matters 
or  in  the  digestive  fluids,  or  both.  The  acid  reaction,  which  had 
disappeared  in  the  small  bowel,  again  becomes  very  manifest  in 
the  cfficum — probably  from  acid  fermentation-processes  in  some 
of  the  materials  of  the  food. 

There  seems  no  reason  to  conclude  that  any  special  'secon- 
dary,' digestive  process  occurs  in  the  caecum  or  in  any  other 
part  of  the  large  intestine.  Probably  any  constituent  of  the  food 
which  has  escaped  digestion  and  absorption  in  the  small  bowel 
may  be  digested  in  the  large  intestine ;  and  the  power  of  this 
part  of  the  intestinal  canal  to  digest  fatty,  albuminous,  or  other 
matters,  may  be  gathered  from  the  good  eflects  of  nutrient 
enemata,  so  frequently  given  when  from  any  cause  there  is 
diflficulty  in  introducing  food  into  the  stomach.  In  ordinary 
healthy  digestion,   however,   the   changes  which    ensue   in  the 
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chyme  after  its  passage  into  the  lai^e  intefitme,  are  mainly  the 
absorption  of  the  more  liquid  parts,  and  the  completion  of  the 
changes  which  -were  proceeding  in  the  amall  intestine, — the 
process  being  assisted  by  the  secretion  of  the  numerous  tubular 
glands  therein  present. 

By  these  means  the  contents  of  the  large  intestine,  as  they 
proceed  towards  the  rectum,  become  more  and  more  solid,  and 
losing  their  more  liquid  and  nutrient  parts,  gradually  acquire 
the  odour  and  consistence  characteristic  of  /(sees.  After  o.  sojourn 
of  uncertain  duration  in  the  sigmoid  flexure  of  the  colon,  or  in  the 
rectum,  they  are  finally  expelled  by  the  contraction  of  its  muscular 
coat,  aided,  under  ordinaty  circumstances,  by  the  contraction  of 
the  abdominal  muscles. 

Quantity  of  Fffioes. — The  average  quantity  of  solid  fsecal 
matter  evacuated  by  the  human  adult  in  twenty-four  hours  is 
about  six  or  eight  ounces  ;  an  uncertain  proportion  of  which  con- 
sists simply  of  the  uudigested  or  chemically  modified  residue  of 
the  food ;  while  the  remtunder  consists  of  certain  matters  which 
are  excreted  into  the  intestinal  caual. 

Compositioii  of  Fsaoes. 

Water 733"«» 

Solids 367-00 

Special  excremen  tit  ions  cosalituents  : — Excretin,  excre-\ 
toleic  acid  (Marcet),  sod  slercorin  (Anstin  Flint). 

Baits  ; — Chiefly  phosphate  of  ma^ednm  and  phoBpbat« 
of  calcium,  with  small  qaantities  of  iron,  soda,  lime, 
and  Bilicn. 

Insoluble  residue  of  the  food  :  chieQ;  starch  grains,  wood/ 

tissue,  parliclea  of  cartOage  and  fibronB  tissue,  an.  I     -*__„ 
digcsU'd  moBealar  fibres  or  fat,  and  the  like,  with  | 
inBolublesubstancea  accidentally  introduced  with  the 
food. 

Mucas,  epithelium,  altered  coloaring  matter  of  bile,  fatty 

Vaiying  quantities  of  other  oonstitneots  of  bUe,  and  de. 
riyativcs  from  them.  ' 

Length  of  InteBtinal  Digestive  Period. — The  time  occupied 
by  the  journey  of  a  given  portion  of  food  from  the  stomach  to  the 
anus,  varies  considerably  even  in  health,  and  on  this  accoimt,  pro- 
bably,it  is  that  such  difi'erent  opinions  have  been  expressed  in  regard 
to  the  subject  Dr.  Brintou  supposes  twelve  hours  to  be  occupied 
by  the  jotimey  of  an  ordinary  meal  through  the  unall  intestine, 
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and  twenty-four  to  thirty-six  hours  by  the  passage  through  the 
large  bowel. 

Defflecation. — Immediately  before  the  act  of  voluntary  expul- 
sion of  faeces  {defcecatwn)  there  is  usually,  first  an  inspiration,  as 
in  the  case  of  coughing,  sneezing,  and  vomiting ;  the  glottis  is  then 
closed,  and  the  diaphragm  fixed.  The  abdominal  muscles  are  con- 
tracted as  in  expiration ;  but  as  the  glottis  is  closed,  the  whole  of 
their  pressure  is  exercised  on  the  abdominal  contents.  The 
sphincter  of  the  rectum  being  relaxed,  the  evacuation  of  its  con- 
tents takes  place  accordingly ;  the  effect  being,  of  course,  increased 
by  the  peristaltic  action  of  the  intestines.  As  in  the  other  actions 
just  referred  to,  there  is  as  much  tendency  to  the  escape  of  the 
contents  of  the  lungs  or  stomach  as  of  the  rectum ;  but  the  pres- 
sure is  relieved  only  at  the  orifice,  the  sphincter  of  which  instinc- 
tively or  involuntarily  yields  (see  fig.  145). 

Nervous  Mechanism  of  Defaecation. — The  anal  sphincter 
muscle  is  normally  in  a  state  of  tonic  contraction.  The  nervous  centre 
which  governs  this  contraction  is  probably  situated  in  the  lumbar 
region  of  the  spinal  cord,  inasmuch  as  in  cases  of  division  of  the 
cord  above  this  region  the  sphincter  regains,  after  a  time,  to  some 
extent  the  tonicity  which  is  lost  immediately  after  the  operation. 
By  an  effort  of  the  will,  acting  through  the  centre,  the  contraction 
may  be  relaxed  or  increased.  In  ordinary  cases  the  apparatus  is 
set  in  action  by  the  gradual  accumulation  of  fseces  in  the  sigmoid 
flexure  and  rectum  pressing  against  the  sphincter  and  causing  its 
relaxation ;  this  sensory  impulse  acting  through  the  brain  and 
reflexly  through  the  spinal  centre.  Peristaltic  action,  especially 
of  the  sigmoid  flexure  in  pressing  onwards  the  faeces  against  the 
sphincter,  is  a  very  important  part  of  the  act. 

The  Gases  contained  in  the  Stomach  and  Intestines. — 
Under  ordinary  circumstances,  the  alimentary  canal  contains  a 
considerable  quantity  of  gaseous  matter.  Any  one  who  has  had 
occasion,  in  a  post-mortem  examination,  either  to  lay  open  the 
intestines,  or  to  let  out  the  gas  which  they  contain,  must  have 
been  struck  by  the  small  space  afterwards  occupied  by  the  bowels, 
and  by  the  large  degree,  therefore,  in  which  the  gas,  which 
naturally  distends  them,  contributes  to  fill  the  cavity  of  the 
abdomen.  Indeed,  the  presence  of  air  in  the  intestines  is  so 
constant,   and,  within  certain  limits,  the  amount  in  health  ao 
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uniform,  that  tlvei-e  can  be  no  doubt  that  its  eiiBtence  here  is  not 
a  mere  accident,  but  intended  to  Berre  a  definite  and  important 
purpose,  although,  probablj,  a  mechanical  one. 

Sources. — The  sources  of  the  gas  contained  in  the  atomach  and 
bowels  may  bo  thus  eniunentted  (Brinton) — 

1.  Air  introduced  in  the  act  of  swallowing  either  food  or  saliva. 

2.  Gases  developed  by  the  decomposition  of  alimentary  matter 
or  of  the  secretions  and  excretions  mingled  with  it  in  the  stomach 
and  intestines. 

3.  It  is  probable  that  a  certain  mutual  intercfaange  occurs 
between  the  gases  contained  in  tbo  alimentaty  canal,  and  those 
present  in  the  blood  of  these  gastric  and  intestinal  blood-vessels  ; 
but  the  conditions  of  the  exchange  are  not  known,  and  it  is  vety 
doubtful  whether  anything  like  a  truo  and  definite  secretion  of 
gas  from  the  blood  into  the  intestines  or  stomach  ever  takes 
place.  There  can  be  no  doubt,  however,  that  the  intestines  may 
bo  the  proper  excretory  organs  for  many  odorous  and  other  sub- 
stances, eitlier  absorbed  from  the  air  taken  into  the  lungs  in  in- 
spiration, or  absorbed  in  tho  upper  part  of  the  alimentary  canal, 
again  to  be  excreted  at  a  portion  of  the  some  tract  lower  down — 
in  either  case  assiuiing  rapidly  a  gaseous  form  after  their  excretion, 
and  in  this  way,  perhaps,  obttuning  a  more  ready  egress  from  the 

It  is  probable  that,  under  ordinary  circumstances,  the  goaes  of 
the  stomach  and  intestines  ore  derived  chiefly  from  the  second  of 
the  sources  which  have  been  enumerated. 
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MovementB  of  the  IntestineB. — It  remains  only  to  consider 
the  manner  in  which  the  food  and  the  several  secretions  mingled 
with  it  are  moved  through  the  intestinal  canal,  so  as  to  be  slowly 
subjected  to  the  influence  of  fresh  portions  of  intestinal  secretion, 
and  as  slowly  exposed  to  the  absorbent  power  of  all  the  yilli 
and  blood  vessels  of  the  mucous  membrane.  The  movement  of 
the  intestines  is  peristaltic  or  vermicular^  and  is  effected  by  the 
alternate  contractions  and  dilatations  of  successive  portions  of  the 
intestinal  coats.  The  contractions  which  may  commence  at  any 
point  of  the  intestine,  extend  in  a  wave-like  manner  along  the 
tube.  In  any  given  portion,  the  longitudinal  muscular  fibres 
contract  first,  or  more  than  the  circular ;  they  draw  a  portion  of 
the  intestine  upwards,  or,  as  it  were,  backwards,  over  the  sub- 
stance to  be  propelled,  and  then  the  circular  fibres  of  the  same 
portion  contracting  in  succession  fix)m  above  downwards,  or,  as  it 
were,  from  behind  forwards,  press  on  the  substance  into  the 
portion  next  below,  in  which  at  once  the  same  succession  of  action 
next  ensues.  These  movements  take  place  slowly,  and,  in  health, 
are  commonly  unperceived  by  the  mind ;  but  thejr  are  perceptible 
when  they  are  accelerated  under  the  influence  of  any  irritant. 

The  movements  of  the  intestines  are  sometimes  retrograde ;  and 
there  is  no  hindrance  to  the  backward  movement  of  the  contents 
of  the  small  intestine.  But  almost  complete  security  is  afforded 
against  the  passage  of  the  contents  of  the  large  into  the  small  in- 
testine by  the  ileo-crocal  valve.  Besides, — the  orifice  of  communi- 
cation between  the  ileum  and  caecum  (at  the  borders  of  which 
orifice  are  the  folds  of  mucous  membrane  which  form  the  valve)  is 
encircled  with  muscular  fibres,  the  contraction  of  which  prevents 
the  undue  dilatation  of  the  orifice. 

Proceeding  from  above  downwards,  the  muscular  fibres  of  the 
large  intestine  become,  on  the  whole,  stronger  in  direct  propor- 
tion to  the  greater  strength  required  for  the  onward  moving  of 
the  fffices,  which  are  gradually  becoming  firmer.  The  greatest 
strength  is  in  the  rectum,  at  the  termination  of  which  the  circular 
unstriped  muscular  fibres  form  a  strong  band  called  the  internal 
sphincter ;  while  an  external  sphincter  muscle  with  striped  fibres  is 
placed  rather  lower  down,  and  more  externally,  and  as  we  have  seen 
above,  holds  the  orifice  close  by  a  constant  slight  tonic  contraction. 

Experimental    irritation    of   the  brain   or  cord  produces  no 
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evident  or  constant  effect  on  the  movementer  of  the  intestines 
during  life  ;  yet  in  consequence  of  certain  conditions  of  the  mind 
the  movements  are  accelerated  or  retarded;  and  in  paraplegia 
the  intestines  appear  after  a  time  much  weakened  in  their  power, 
and  costiveness,  with  a  tympanitic  condition,  ensues.  Immediately 
after  death,  irritation  of  both  the  sympathetic  and  pneimio-gaatric 
nerves,  if  not  too  strong,  induces  genuine  peristaltic  movements 
of  the  intestines.  Violent  irritation  stops  the  movements.  These 
stimuli  act,  no  doubt,  not  directly  on  the  muscidar  tissue  of  the 
intestine,  ^ut  on  the  ganglionic  plexus  before  referred  to. 

Influence  of  the  Nervous  System  on  Intestinal  Digestion. 
— As  in  the  case  of  the  oesophagus  and  stomach,  the  peristaltic 
movements  of  the  intestines  are  directly  due  to  reflex  action 
through  the  ganglia  and  nerve  fibres  distributed  so  abundantly 
in  their  walls  (p.  310);  the  presence  of  chyme  acting  as  the 
stimulus,  and  few  or  no  movements  occurring  when  the  intes- 
tines are  empty. 

The  intestines  are,  moreover,  connected  with  the  higher  nerve- 
centres  by  the  splanchnic  nerves,  as  well  as  other  branches  of  the 
sympathetic  which  come  to  them  from  the  ccoliac  and  other 
abdominal  plexuses. 

The  splanchnic  nerves  are  in  relation  to  the  intestinal  move- 
ments, inhibitory — these  movements  being  retarded  or  stopped 
when  the  splanchnics  are  irritated.  As  the  vasomotor  nerves  of 
the  intestines,  the  splanchnics  are  also  much  concerned  in  intes- 
tinal digestion. 


CHAPTER    X. 

ABSOEPTION. 

The  process  of  absorption  has,  for  one  of  its  objects,  the  intro- 
duction into  the  blood  of  fresh  materials  from  the  food  and  air, 
and  of  whatever  comes  into  contact  with  the  external  or  internal 
surfaces  of  the  body;  and,  for  another,  the  gradual  removal  of 
parts  of  the  body  itself,  when  they  need  to  be  renewed.  In  both 
these  offices,  i.  e.,  in  both  absorption  from  without  and  absorption 
from  within,  the  process  manifests  some  variety,  ^nd  a  very  wide 
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range  of  action ;  and  in  both  two  seta  of  vessels  are,  or  may  be, 
concerned,  namely,  the  Blood-vesseh,  and  the  Lymph-vessels  or 
Lt/mpluttics  to  which  the  term  Absorbents  has  been  also  applied. 

The  Lymphatio  Vesaelfl  and  Glands. 

Besides  the  system  of  arteries  and  veins,  with  their  inter- 
mediate vessels,  the  capillaries,  there  is  another  system  of  canals 
in  raati  and  other  Vertebrata,  called  the  Lymjihatic  system,  which 
contains  a  fluid  called  Lymph  Both  these  systems  of  vessels  are 
concerned  in  absorption. 

Distribution  and  Arrangement* — ^The  principal  vessels  of 
the  lymphatic  system  are,  in  structure  and  general  appearance, 
like  very  small  and  thin-walled  veins,  and  like  them  are  provided 
with  valves.  By  one  extremity  they  commence  by  fine  micro- 
scopic branches,  the  lymphatic  capillaries  or  lymph-capiUariesy  in 
the  organs  and  tissues  of  nearly  every  part  of  the  body,  and  by 
their  other  extremities  they  end  directly  or  indirectly  in  two 
trunks  which  open  into  the  large  veins  near  the  heart  (fig.  i8o). 
Their  contents,  the  lymph  and  chyle,  unlike  the  blood,  pass  only 
in  one  direction,  namely,  from  the  fine  branches  to  the  trunk  and 
so  to  the  large  veins,  on  entering  which  they  are  mingled  with 
the  stream  of  blood,  and  form  part  of  its  constituents.  Remem- 
bering the  course  of  the  fluid  in  the  lymphatio  vessels,  viz.,  its 
passage  in  the  direction  only  totvards  the  large  veins  in  the  neigh- 
bourhood of  the  heart,  it  will  readily  be  seen  from  fig.  i8o  that  the 
greater  part  of  the  contents  of  the  lymphatic  system  of  vessels 
passes  through  a  comparatively  large  trunk  called  the  thoracic 
duct,  which  finally  empties  its  contents  into  the  blood-stream,  at 
the  junction  of  the  internal  jugular  and  subclavian  veins  of  the 
left  side.  There  is  a  smaller  duct  on  the  riglU  side.  The  lym- 
phatic vessels  of  the  intestinal  canal  are  called  lacteals,  because, 
during  digestion,  the  fluid  contained  in  them  resembles  milk  in 
appearance ;  and  the  lymph  in  the  lacteals  during  the  period  of 
digestion  is  called  chyle.  There  is  no  essential  distinction,  how- 
ever, between  lacteals  and  lymphatics. 

In  some  parts  of  their  course  all  lymphatic  vessels  pass  through 
certain  bodies  called  lympliatic  glands. 

Lymphatic  vessels  are  distributed  in  nearly  all  parts  of  the  body. 
Their  existence,  however,  has  not  yet  been  determined  in  the  pla- 
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ceuta,  Uie  umbilical  cord,  the  membraues  of  the  ovum,  or  in  any 
of  the  non-Tascular  parts,  as  the  naila,  cuticle,  hair  and  the  like. 


Origin  of  Lymph-Capillaries. — The  lymphatic  cajnllariex 
wtOinence  most  commonly  either  in  closely-mcshod  networkti,  or 
m  itngiilar  lacunar  spaces  betveea  the  various  stnictures  of 
^^tib  the  different  organs  are  composed. 

®«ch  irregular  spaces,  forming  what  is  now  termed  the  li/mpli- 
'"^"Uatlar  tyttem,  have  been  shown  to  exist  in  many  tissues.  lit 
«  such  as  the  omentum  and  mesentery  they  occur 


*  fk.  180,    Diignun  of  Uie  principal  groups  of  Ijmpluttic  vessels  (froi 
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aa  tt  connected  ayBtem  of  very  irregular  branched  spaces  partly 
occupied  by  connective  tissuo-corpuscles,  and  botli  in  these  and  in 
many  other  tisanes  are  found  to  communicate  freely  with  regular 
lymphatic  vessels. 

In  many  coses,  though  they  are  formed  mostly  by  the  chinks 

Fig.  i8l.* 


and  crnnuics  between  the  blood-vessels,  secreting  ducts,  and  other 
parte  which  may  happen  to  form  tho  fraiSework  of  the  orgnu  in 
which  they  exist,  they  are  lined  by  a  distmot  layer  of  endothelium. 
The  lacteah  appear  to  offer  an  illustration  of  another  mode  of 
origin,  namely,  in  blind  dilated  Gxtremities  (figs.  167  and  16S)  ;  but 
there  is  no  essential  difference  in  Btructure  between  these  aud  the 
lymphatic  capillaries  of  other  parts. 

:    Structure  of  Lymph- CapillarieB. — The    structure    of   lym- 
phatic capillaries  is  very  similar  to  that  of  blood-capillaries  :  their 


*  Fig.  181.  Lympliatics  of  icntral  tpndon  of  rahbit's  diaplimgm,  staincil 
with  nitrate  of  silver.  The  ground  substance  lins  been  shaded  diagramnuti- 
cally  to  bring  out  tho  lymphatics  clearly.  I.  Lymphatics  lined  bj  hag 
nairow  eodotheliol  cells,  and  shuwiog  v.  valves  st  [requent  interrala  (Scbv- 
fielil). 
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walls  consist  of  a  single  layer  of  Gudotbelial  cells  of  an  elongated 
form  and  sinuous  outline,  whicli  cohere  along  their  edges  to  form 


i  delicate  membrane     They  difTtr  from  blood  capillariea  mainly 


*  Fig.  iSz.  Lpnphsttc  vessels  of  tlie  head  unci  dglIc  mil  tlio  upper  part 
of  the  trunk  (Hascagni)  J  — The  chest  and  pencardium  have  bcun  opened  ou 
the  Uft  tide,  and  the  left  mamma  detached  and  thrown  outwanla  over  the 
left  arm,  so  ai  to  expose  a  great  part  of  its  deep  aurfacc  The  principal 
Ijmphttic  Tessels  and  glands  are  ihown  on  the  side  of  the  head  and  face,  and 
in  t^  neck,  axilk,  and  mediastinom.  Between  the  left  internal  jugular  vein 
and  tlie  common  carotid  artery,  the  npper  ascending  part  of  the  tbotacio 
dnet  narited  i,  and  above  this,  and  descending  to  2,  the  arch  and  lust  ^nrt 
cCthe  duct  The  termination  of  the  upper  lymphatics  of  the  diaphragm  in 
ds,  as  well  as  the  cardiac  and  the  deep  mammary  lymph- 
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Recent  discoveries  seem  likely  to  put  an  end  soon  to  the  lon^ 
standing  discussion  whether  any  direct  communications  exist 
between  the  lymph-capillaries  and  blood-capillaries ;  the  need  for 
any  special  intercommunicating  channels  seeming  to  disappear  in 
the  light  of  more  accurate  knowledge  of  the  structure  and  endow- 
ments of  the  parts  concerned.  For  while,  on  the  one  hand,  the 
fluid  part  of  the  blood  constantly  exudes  or  is  'strained  through 
the  walls  of  the  blood-capillaries,  so  as  to  moisten  all  the  sur- 
rounding tissues,  and  occupy  the  interspaces  which  exist  among 
their  different  elements,  these  same  interspaces  have  been  shown, 
as  just  stated,  to  form  the  beginnings  of  the  lymph- capillaries. 
And  "while,  for  many  years,  the  notion  of  the  existence  of  any 
such  channels  between  the  blood-vessels  and  lymph-vessels,  as 
would  admit  blood-corpuscles,  has  been  given  up,  recent  observa- 
tions have  proved  that,  for  the  passage  of  such  corpuscles,  it 
is  not  necessary  to  assume  the  presence  of  any  special  cbaimels 
at  all,  inasmuch  as  blood-corpuscles  can  pass  bodily,  without 
much  difficulty,  though  the  walls  of  the  blood-capillaries  and 
small  veins  (p.  190),  and  could  pass  with  still  less  trouble,  pro- 
bably, through  the  comparatively  ill-defined  walls  of  the  capillaries 
ivhic^  contain  lymph. 

It  is  worthy  of  note  that,  in  manj  animals,  both  arteries  and  veins,  espe- 
cially the  latter,  are  often  fonnd  to  be  more  or  less  completely  ensheathed 
i  z2  large  lymphatic  channels.  In  turtles,  crocodiles,  and  many  other  animals, 
abdominal  aorta  is  enclosed  in  a  large  lymphatic  Tesscl. 


Stomata. — Observations  of  Recklinghausen  have  led   to  the 

cii«covery  that  in  certain  parts  of  the  body  openings  exist  by  which 

l3?':Mnphatic  capillaries  directly  communicate  with  parts  hitherto  sup- 

p<:^aed  to  be  closed  cavities.     If  the  peritoneal  cavity  be  injected 

^s^  i  th  milk,  an  injection  is  obtained  of  the  plexus  of  lymphatic 

"^^^^Bels  of  the  central  tendon  of  the  diaphragm  (fig.  181) ;  and  on 

f  ^^xaioving  a  small  portion  of  the  central  tendon,  with  its  peritoneal 

*^-*^xiace  uninjured,  and  examining  the  process  of  absorption  under 

***o  microscope,  Recklinghausen  noticed  that  the  milk-globules  ran 

^^^'Wards  small  natiutd  openings  or  stomata  between  the  epithelial 

^^lls,  and  disappeared  by  passing  vortex-like  through  them.     The 

'^^^^noto,  which  have  a  roundish  outline,  are  only  wide  enough  to 

^^tkiit  two  or  three  milk-globules  abreast,  and  never  exceed  the 

^^  of  an  epithelial  celL 
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PBdodostomata. — As  absorption  into  the  lymphatic  system 
takes  plaoe  in  membranes  covered  b;  epithelium  or  endothelium 
through  the  interstitial  or  intercoUular  cement-substance,  and  not 
through  the  cells  themselves,  this  mode  of  absorption  may  be 
said  to  take  place  through  pteudo^omaia. 

Demonstratioii  of  LrmphBtiaB  of  Diaphragm.— The  stomata 

on  the  peritoneal  surface  of  the  diftphragm  are  the  opeDin]^  of  short  vertical 
canals  trhich  lead  up  into  the  tympbaticB,  aod  are  lined  by  cellB  lilce  those 
of  eenniiiatiDi;  endothelium  (p.  4S). 

By  introduciaK  a  mlution  of  Berlin  blue  into  the  peritoneal  cavity  of  Ml 
animal  sborllj  after  death,  and  anspending  it,  bead  downwaida,  an  injection 
of  (he  lymphatic  vessels  of  the  diaphragm,  throogh  the  stoniata  on  its 
peiitaneal  Burface,  mtiy  readily  be  obtained,  if  artiScLul  respiration  be 


carried  on  for  alx)ut  half  an  hour,  in  this  way  it  has  been  found  that  in 
tlie  labbit  the  lymphatics  are  arranged  between  the  tendon  bundlea  of  the 
centrum  tendinoum  ;  and  they  are  hence  termed  interfeioicvlar.  The 
centrum  tendincum  is  coated  by  eudothcliam  on  its  pleural  and  peritoneal 
Borfaces,  and  its  substance  consists  of  tendon  bundles  arranged  in  con- 
centric TingB  towaida  the  pleural  Eidc  and  in  radiating  bandies  towards  the 
peritoneal  eidc. 

The  lymphatics  of  the  anterior  half  of  the  diapbragn  open  into  those  of 
the  anterior  mcdioatinum,  while  those  of  tlie  posterior  half  pass  into  a 
lymphatic  vessel  in  the  posterior  mediastinum,  which  soon  enters  the 
Uioracic  duct. 

Both  these  sets  of  vessels,  and  the  glands  into  which  they  pass,  arc  readily 
injected  hy  the  method  above  described  ;  and  there  can  be  little  doubt  that 
during  life  the  flow  of  Ijmpb  along  these  channels  is  chiefly  caused  by  the 

*  Fiji;.  185.  Perit«nesl  surface  of  septom  cisterns  lymphaticie  mogne  of 
frog.  The  atomatn,  some  of  wliich  ore  open,  some  collapsed,  are  surrounded 
bygermiuatiiigeudDtheliQni  (Elein).     x  160. 
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action  of  the  diaphragm  during  respiration.  As  it  descends  in  inspiration, 
the  spaces  hetween  the  radiating  tendon  bandies  dilate,  and  lymph  is  sucked 
from  the  peritoneal  cayity,  through  the  widely  open  stomata,  into  the  inter- 
fascicular lymphatics.  Daring  expiration,  the  spaces  between  the  concentric 
tendon  bundles  dilate,  and  the  lymph  is  squeezed  into  the  lymphatics 
towards  the  pleural  surface  (Klein). 

It  thus  appears  probable  that  during  health  there  is  a  continued  sacking 
in  of  lymph  from  the  peritoneum  into  the  lymphatics  by  the  "  pumping  " 
action  of  the  diaphragm  ;  and  there  is  doubtless  an  equally  continuous 
exudation  of  fluid  from  the  general  serous  surface  of  the  peritoneum.  When 
this  balance  of  transudation  and  absorption  is  disturbed,  either  by  increased 
transudation  or  some  impediment  to  absorption,  an  accumulation  of  fluid 
necessarily  takes  place  (ascites). 

Stomata  have  been  found  by  Dybskowsky  in  the  pleura ;  and 
as  they  may  be  presumed  to  exist  in  other  serous  membranes,  it 
would  seem  as  if  the  serous  cavities,  hitherto  supposed  closed, 
form  but  a  large  lymph-sinus  or  widening  out,  so  to  speak,  of  the 
lymph-capillary  system  with  which  they  directly  commmimicate. 

Stniotnre    of  Medium -sized    and    Large    Lymphatic 
VesseLi. — These   are  very  like  veins,  having  an  external  coat 
of  fibro-cellular  tissue,    with   elastic    filaments;   within  this,   a 
tliin  layer  of  fibro-cellular  tissue,    with  plain   muscular  fibres, 
B^liich  have,  principally,  a  circular  direction,  and  are  much  more 
abimdant  in  the  small  than  in  the  larger  vessels ;  and  again, 
w^i'thin  this,  an  inner  elastic  layer  of  longitudinal  fibres,  and  a 
Iix:ung  of  epithelium ;  and  numerous  valves.     The  valves,  con- 
st xrncted  like  those  of  veins,  and  with  the  free   edges  turned 
to'^ards  the  heart,  are  usually  arranged  in  pairs,  and,  in  the  small 
vosaaels,  are  so  closely  placed,  that  when  the  vessels  are  full,  the 
"^^^^es  constricting  them  where  their  edges  are  attached,  give  them 
*  X>«cuhar  beaded  or  knotted  appearance  (fig.  187). 

Gurrent  of  Lymph.— With  the  help  of  the  valvular  mechan- 

tock  (i)  all  occasional  pressure  on  the  exterior  of  the  lymphatic 

«i^<i  lacteal  vessels  propels  the  lymph  towards  the  heart :  thus 

^^^acular  and  other  external  pressure  accelerates  the  flow  of  the 

^P^ph  as  it  does  that  of  the  blood  in  the  veins.     The  actions  of 

(2)  the  muscular  fibres  of  the  small  intestine,  and  probably  the 

^yer  of  organic  muscle  present  in  each  intestinal  villus,  seem  to 

t       tf^  in  propelling  the   chyle :  for,  in  the  small  intestine  of  a 

\       mouae,  PoiBeuiUe  saw  the  chyle  moving  with  intermittent  propul- 

I       B*^  that  appeared  to  correspond  with  the  peristaltic  movements 

■      of  the  intestine.     But  for  the  general  propulsion  of  the  lymph 
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ftnd  chyle,  it  iB  probable  that,  blether  with  (3)  tlie  vit  a  tergo 
resulting  from  absorption  (as  in  the  ascent  of  sap  in  a  tree,)  and 
from  external  pressure,  some  of  the  force  may  be  derived  (4) 
from  the  contractility  of  the  TeBsel's  own  walla.  The  reapiratoiy 
movements,  also,  (5)  favour  the  current  of  lymph  through  the 
thoracic  duct  as  they  do  the  current  of  blood  in  the  thoracic  veins 
(p.  199). 

Kolliker,  after  watching  the  lymphaticB  in  the  transparent  tail  of  the 
tadpole,  Mates  that  no  distinct  moTements  of  their  walla  can  ever  be  weo, 
but  B£  they  are  emptied  after  death  Uicj  gradoallj  contract,  and  then,  after 
Bone  time,  agnin  dilate  to  their  former  size,  czactlj  as  the  small  arteriea  do 
under  the  Itkc  circnmetancM.  Thas,  also,  the  larger  Teasels  in  tbe  fauman 
subject  commonly  empty  themselves  after  death  ;  so  that,  although  abaotp- 
tion  ia  probably  uaoally  ^tog  on  just  before  the  time  of  dcatli,  it  is  not 
common  to  see  the  lymphatic  or  lacteal  vessels  full.  Their  power  of  con- 
traction under  the  influence  of  stiinali  has  been  demonstrated  by  EoUikcr, 
who  applied  the  wire  of  an  electro-magnetic  apparatus  to  some  well-&lled 
lymphatics  on  the  akin  of  A  boy's  foot,  just  after  the  removal  of  his  leg  by 
amputation,  and  noticed  that  the  calibre  of  the  vessels  diminished  at  least 
one  half.  It  is  most  probable  that  this  contraction  of  the  vessela  occurs 
during  life,  and  that  it  consists,  not  in  perieloltic  or  undulatory  movements, 
but  in  an  uniform  contraction  of  the  successive  portions  of  the  vessels,  by 
which  pressure  ia  steadily  exercised  upon  their  contents,  and  which  aller- 
nates  with  their  relnxation. 


£>ymphatio  Glands  .- 

FiO-  1 


—Almost  all  lymphatic  and  lacteal  vessels 
in  some  part  of  their  course 
pass  through  one  or  more 
small  bodies  called  lymphatic 
glands  (fig.  186). 

Structure. — A  lymphatic 
gland  is  covered  externally 
by  a  capsule  of  connective 
tissue,  which  invests  and 
supports  the  glandular  struc- 
ture within ;  while  prolonged 
from  its  inner  surface  are 
processes  or  Irabecultg  which,  entering  the  gland  from  all  sides, 
and  freely  communicating,  form  a  fibrous  scaffolding  or  ttmma 


*  Fig.  1S6.  .Sectian  of  a  mesenteric  gland  from  the  ox,  slightly  magnified. 
a,  hiluB  ;  b  (in  the  central  part  of  the  figure),  medullary  substance  ;  (,  cortical 
tubstauc*  with  indistinct  ^veoli  j  d,  capsule  (ESlliker). 
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iD  all  parte  of  tho    interior.      Thus    are    formed   in   the  outer 
or  cortical  part  of  the  gland  (fig.  i86)   in   the  intervals  of  the 
trabecule,    certain    intercommnnicating   spaces    termed    alveoli ; 
vrhile  o,  finer  meshwork    is    formed   in    the   more 
central  or  medullary  part.     In  the  alveoli  and  the       Fig  187." 
trabecular  mcshwork  the  proper  gland  substance  is 
contained ;  in  the  form  of  nodules  in  the  cortical 
alveoli,  and  of  rouuded  cordB  in  the  medullary  part 
(6g.  188).     The  gland-Hubetance  of  one  part  is  con- 
tinuous directly  or  indirectly  with  that  of  all  others. 

The  essential  Htnicture  of  lymphatic-gland  sub- 
stance resembles  that  which  was  described  as  e 
isting,  in  a  simple  form,  in  the  interior  of  the 
solitaiyandogminatedinteatinalfollicleB.  Pervading 
all  parts  of  it,  and  occupying  the  alveoli  and  J 
trabecular  spaces  before  referred  to,  ia  a  network  of  I 
the  variety  of  connective  tissue  termed  adenoid  or  I 
Tctifomi  tissue  (fig.  i8g),  tho  interspaces  of  which  " 
are  occupied  by  lymph-corpuBcles.  Tho  corpuscles 
are  arranged  in  such  o  way,  that  while  in 
centre  of  the  alveoli  and  of  each  mesh  they  an 
crowded  together  as  to  bo,  with  the  retiform 
tissue  pervading  them,  a  consistent  gland-pulp, 
continuous  in  the  form  of  the  nodules  and  cords, 
before  referred  to,  throughout  the  whole  gland, 
they  are  in  comparatively  small  numbers  in  the 
outer  part  of  the  alveoli  and  meshes,  and  leave 
this  portion,  as  it  were,  open  (fig.  188),  This  free  space  between 
the  gland-pul]>  and  the  trabecular  stroma,  occupied  only  by  reti- 
form tissue,  is  called  the  Iffmpk-channel  or  lympli-palh,  because  it 
is  traversed  by  the  lymph,  which  is  continually  brought  to  the 
gland  and  conveyed  away  from  it  by  lymphatic  vessels;  those 
which  bring  it  being  termed  af'.rcTit  vessels,  and  those  which  take 
it  away  tferent  vessels  (fig.  187). 

The  former  enter  the  cortical  part  of  the  gland  and  open  into 
its  alveoli,  at  the  some  time  that  they  lay  aside  oil  their  coats 


xillt,  with  its  iffetent  and  effe- 


364  ABSOBPTIOIf.  [CUP.  z. 

except  the  epithelisl  Imiog:,  which  may  be  said  to  continue  to  ling 
the  lymph-path  into  which  the  contenta  of  the  afferent  TeaseU 
now  pass.  The  fferent  vessels  begin  in  the  medullary  part  of  the 
gland,  and  are  continuous  with  the  lymph-path  here  as  the  qferaU 
vessels  were  with  the  cortical  portion ;  the  epithelium  of  one  is 
continuous  with  that  of  the  other. 

Fig.  188.* 


Blood-veaaels  are  freely  distributed  to  the  trabecular  tissue  and 
to  the  gland-puip  {fig.  190). 

Lymph  and  Chyle. — The  lymph,  contained  in  the  lymphatic 
vessels,  is,  under  ordinary  circumstimces,  a  clear,  transparent,  and 
yellowish  fluid.  It  is  devoid  of  smell,  is  slightly  alkaline,  and  has 
a  saline  taste.  As  seen  with  the  microscope  in  the  small  tnms- 
parent  vessels  of  the  tail  of  the  tadpole,  it  usually  contains  do 
corpuscles  or  particles  of  nny  kind  ;  and  it  is  usually  only  in  the 
larger  tninks  in  which  any  corpuscles  are  to  bo  found.  These 
corpuscles  are  similar  to  colourless  blood-corpuscles.  The  fluid  in 
which  the  corpuscles  Scat  is  albuminous,  and  contains  no  fatty 


*  Fig.  lES.  Section  of  mcilulliuy  Bubstanco  of  an  inguiDalglandof  u  0x1 
a,  a,  glandular  sulistance  or  palp  forming  niimdoJ  conis  joining  ia  a  coatina- 
ons  n«t  (dark  in  the  fignn) ;  e,  c,  tiabeculic ;  the  apace,  b,  b,  between  thew 
and  the  glandular  substance  is  tlie  l^mph-sinus,  washed  clear  of  coipuiclts 
and  trtvemd  b?  filaments  of  retiform  connectire  tiasne  (KolUker).     x  9a 
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particles  or  molecular  boEO  ;  but  it  is  liable  to  Tariations  according' 
to  the  general  state  of  the  blood,  and  that  of  the  organ  from 
which  the  lymph  is  deriTed.  As  it  advances  towards  the  thoracic 
dnct,  and  passes  through  the  lymphatic  glands,  it  becomes  spoa- 

Fig.  189.* 


^^eoualy  coagulable  and  the  number  of  corpuscles  is    much 
incr««aed 

The  floid  contained  in  the  lacttaU,  or  lymphatic  vessels  of  the 
'*iteBtij,g_  is  clear  and  transparent  during  fasting,  and  differs  in 


Pig.  189.     From  a  vertiol  section  through  the  capsule,  cortiwJ  MnnB 

^^  periphenl  portion  of  follicle  of  a  liumon  compound  lymphatic  gland. 

J**  *KtioD  hod  been  shaken,  so  >a  to  get  rid  of  most  of  the  lymph-corpnsclet. 

~-  Onta  rtratam  of  captole  consisting  of  bundles  of  fibrous  tissue  cut  at 

••rioiu  angles,     B.  Inner  stratum  showing  fibres  of  connectire-tissuo  with 

1^      of  flattened  connective- tissue  corpuscles.     Beneath  this  (between  B  and 

I  is  the  lymph-sinuB   or  Ijmpb.path,   containing  a  reticulum  coated  by 

r*^   nucleated    endothelial    cells.      C.    Fine   nncleated    endothelinl    mem- 

^«  msrking  boundary  of  the  lymph-follicle.     The  rest  of  the  section  from 

I*  8  is  the  adenoid  tissae  of  the  lymph-follicle,  which  consists  of  a  fine 

'^'"Hhun,    E,   with  numerous  lymph- corpuscles,  D.      They  aro  so  closdy 

^•ktd  tint  the  adeamd  Telicolam  is  invisible  till  the  section  has  been  shaken 

N  H  to  dislodge  a  number  of   the  lymph- corpuscles    (Klein   and    Nobis 
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no  respect  irom  ordiuiuy  lymph  ;  but,  during  digestion,  it  becomes 
milky,  and  is  termed  chi/le. 

Chyle  ia  an  opaque,  whitish,  milky  fluid,  neutral  or  slightly  alkaline 
in  reaction.     Its  whiteness  and  opacity  are  due  to  the  presence  of 

Fig.  iga' 


innumerable  particles  of  oily  or  fatty  matter,  of  exceedingly  minute 
though  nearly  uniform  size,  measuring  on  the  overage  about  ttW 
of  an  incij  (Gulliver).  These  constitute  what  Mr,  GuUiver  appro- 
priately torms  the  molecular  base  of  chyle.  Their  number,  and 
consequently  the  opacity  of  the  chyle,  are  dependent  upon  the 
quantity  of  fatty  matter  contained  in  the  food.  The  fatty  nature 
of  the  molecules  is  made  manifest  by  their  solubility  in  ether,  and. 


•  Fig.  190.  A  Btnall  portion  of  medullary  aubstanoB  from  a 
glftnd  of  the  01.  d,  d,  trabeclUK  ;  a,  part  of  a  cord  of  glandular  BnbatancM 
from  which  all  but  a  hw  of  the  lympb'CorpnscleB  have  bean  waahed  out  U 
■hoiT  i(a  supporting  meakwork  of  retifonn  tiasue  and  its  capillary  blood- 
rBBsels  (which  hare  been  injected,  and  are  dark  in  the  figure) ;  6,  b,  lyinph- 
■inna,  of  which  the  retiform  tissue  ia  represeated  only  at  r,  c  ( K&Uiker). 
X  300. 
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when  the  ether  evaporates,  by  their  being  deposited  in  various- 
sized  drops  of  oil.  Each  molecule  probably  consists  of  oil  coated 
oyer  with  albumen,  in  the  manner  in  which,  as  Ascherson  ob- 
served, oil  always  becomes  covered  when  set  free  in  minute  drops 
in  an  albuminous  solution.  This  view  is  supported  by  the  fact,  that 
when  water  or  dilute  acetic  acid  is  added  to  chyle,  many  of  the 
molecules  are  lost  sight  of,  and  oil-drops  appear  in  their  place,  as 
if  the  investments  of  the  molecules  had  been  dissolved,  and  their 
oily  contents  had  run  together. 

Except  these  molecules,  the  chyle  taken  from  the  villi  or  from 
lacteals  near  them,  contains  no  other  solid  or  organised  bodies. 
The  fluid  in  which  the  molecules  float  is  albuminous,  and  does  not 
spontaneously  coagulate.     But  as  the  chyle  passes  on  towards  the 
thoracic  duct,  and  es{)ecially  while  it  travei'scs  one  or  more  of  the 
mesenteric  glands  (propelled  by  forces  which  have  been  described 
vith  the  structure  of  the  vessels),  it  is  elaborated.     The  quantity 
of  molecules  and  oily  particles  gradually  diminishes;  cells,  to 
irhich  the  name  of  chyle-corpuscles  is  given,  are  developed  in  it ; 
and  it  acquires-  the  property  of  coagulating  spontaneously.     The 
Higher  in  the  thoracic  duct  the  chyle  advances,  the  more  is  it,  in 
&U  these  respects,  developed ;  the  greater  is  the  number  of  chyle- 
corpuscles,  and  the  larger  and  firmer  is  the  clot  which  forms  in  it 
when  withdrawn  and  left  at  rest.  Such  a  clot  is  like  one  of  blood ; 
^thout  the  red  corpuscles,  having  the  chyle  corpuscles  entangled 
^  it,  and  the  fatty  matter  forming  a  white  creamy  film  on  the 
surface  of  the  serum.     But  the  clot  of  chyle  is  softer  and  moister 
^an  that  of  blood.     Like  blood,  also,  the  chyle  often  remains  for 
ft  long  time  in  its  vessels  without  coagulating,  but  coagulates 
'ftpidly  on  being  removed  from  them  (Bouisson).     The  existence 
^  fibrin,  or  of  the  materials  which,  by  their  union,  form  it,  is, 
^x^ore,  certain ;  and  its  increase  appears  to  be  commensurate 
witli  that  of  the  corpuscles. 

^*he  structure  of  the  chyle-corpuscles  was  described  when  speak- 
^  of  the  white  corpuscles  of  the  blood,  with  which  they  are 
teiticaL 

^^emioal  Ck>mpoflition  of  Lymph  and  Chyle. — From  what 
^been  said,  it  will  appear  that  perfect  chyle  and  lymph  are,  in 
^■^Qtial  eharacterB,  nearly  similar,  and  scarcely  differ,  except  in 
^  preponderance  of  htty  and  nroteid  matter  in  the  chyle.    The 
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oomparative  analysis  of  the  two  fluids  obtained  from  the  lacteals 
and  the  lymphatics  of  a  donkey  is  thus  given,  by  Dr.  Owen 
Recs  : — 

Water 90*237 

Proteids,  including  Scrum- Albumin, ) 

Fibrin,  and  Globulin  \ 

Extractives,  including  Sugar,  Urea,  | 

Lcucin,  and  Cholcsterin.  ) 

Fatty  matter                .        .        .    . 
Salts 


Chyle. 
90237 

Lymph. 
96536 

3-886 

1320 

1565 

1-559 

3'6oi 
071 1 

a  trace. 
0-585 

lOO'OOO 

lOO'OOO 

The  contents  of  the  thoracic  duct,  including  both  the  lymph 
and  chyle  mixed,  in  an  executed  criminal,  were  examined  by  Dr. 
Bees,  who  found  them  to  consist  of — 

Water 90*48 

Proteids  (Albumin,  Fibrin,  and  Globulin)      .        .    .  7-08 

Extractives o*io8 

Fatty  matter 0*92 

Saline  matter 0*44 

Comparison  between  Lymph,  Chyle,  and  Blood. — From 
all  these  analyses  of  lymph  and  chyle,  it  appears  that  they  contain 
essentially  the  same  constituents  that  are  found  in  the  blood 
Their  composition,  indeed,  differs  from  that  of  the  blood  in  degree 
rather  than  in  kind.  They  do  not,  however,  unless  by  accident, 
contain  coloured  corpuscles. 

Quantity. — Bidder  found,  on  opening  the  thoracic    duct  in 
cats,  immediately  after  death,  that  the  mingled  lymph  and  chyle 
continued  to  flow  from  one  to  six  minutes  ;  and,  from  the  quantity 
thus  obtained,  he  estimated  that  if  the  contents  of  the  thoraci^^ 
duct  continued  to  move  at  the  same  rate,  the  quantity  whia"^ 
would  pass  into  a  cat's  blood  in  twenty-four  hours  would  be  equ^^ 
to  about  one-sixth  of  the  weight  of  the  whole  body.     And,  sinc^^^ 
the  estimated  weight  of  the  blood  in  cats  is  to  the  weight  of  the  ^ 
bodies  as  1*7,  the  quantity  of  lymph  daily  traversing  the  thorac-^^ 
duct  would  appear  to  be  about  equal  to  the  quantity  of  blood 
any   time  contained  in  the  animals.     Schmidt's  observations 
foals  have  yielded  very  similar  results.     By  another  series  of  e^" 
periments,  Bidder  estimated  that  the  quantity  of  lymph  traveimn^ 
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the  thoracic  duct  of  a  dog  in  twonty-four  hours  is  about  equal  to 
two-thirds  of  the  blood  in  the  bodj. 

Absorption  by  the  Lacteal  Vessels. — ^During  the  passage  of 
the  chyme  along  the  whole  tract  of  the  intestinal  canal,  its  com- 
pletely digested  parts  are  absorbed  by  the  blood-vessels  and  lac- 
teals  distributed  in  the  mucous  membrane.  The  blood-vessels 
appear  to  absorb  chiefly  the  dissolved  portions  of  the  food,  and 
these,  including  especially  the  albuminous  and  saccharine,  they 
imbibe  without  choice ;  whatever  can  mix  with  the  blood  passes 
into  the  vessels,  as  will  be  presently  described.  But  the  lacteals 
appear  to  absorb  only  certain  constituents  of  the  food,  including 
particularly  the  fatty  portions.  The  absorption  by  both  sets  of 
vessels  is  carried  on  most  actively  but  not  exclusively,  in  the  villi  ■ 
of  the  small  intestine ;  for  in  these  minute  processes,  both  the 
capillary  blood-vessels  and  the  lacteals  are  brought  almost*  into 
contact  with  the  intestinal  contents. 

There  seems  to  be  no  doubt  that  absorption  of  fatty  matters 
during  digestion,  from  the  contents  of  the  intestines,  is  effected 
chiefly  between  the  epithelial  cells  which  line  the  intestinal  tract 
(Watney),  and  especially  those  which  clothe  the  surface  of  the 
villL     From  thence,  the  fatty  particles  are  passed  on  into  the 
interior  of  the  lacteal  vessels  (fig.  167,  d),  but  how  they  pass,  and 
what  laws  govern  their  so  doing,  are  not  at  present  exactly  known. 
The  process  of  absorption  is  assisted  by  the  pressure  exercised 
on  the  contents  of  the  intestines  by  their  contractile  walls  ;  and 
the  absorption  of  fatty  particles  is  also  facilitated  by  the  presence 
of  the  bile,  and  the  pancreatic  and  intestinal  secretions,  which 
iQoisten  the  absorbing  surface.     For  it  has  been  found  by  experi- 
ment, that  the  passage  of  oil  through  an  animal  membrane  is 
made  much  easier  when  the  latter  is  impregnated  with  an  alkaline 
fluid. 

Absorption  by  the  Lymphatic  Vessels. — The  real  source 

of  the  lymph,  and  the  mode  in  which  its  absorption  is  effected  by 

^c  lymphatic  vessels,  were  long  matters  of  discussion.     But  the 

P'^blem  has  been  much  simplified  by  more  accurate  knowledge  of 

^  anatomical  relations  of  the  lymphatic  capillaries.     The  lymph 

• 

*>  without  doubt,  identical  in  great  part,  with  the  liquor  sanguinis, 
•Juch,  as  before  remarked,  is  always  exuding  from  the  blood- 
^niaries  into  the  interstices  of  the  tissues  in  which  they  lie  ;  and 

B  B 
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changes  in  the  character  of  the  lymph  correspond  very  closely 
with  changes  in  the  character  of  either  the  whole  mass  of  blood, 
or  of  that  in  the  vessels  of  the  part  from  which  the  lymph  is 
exuded.  Thus  Herbst  found  that  the  coagulability  of  the  lymph 
is  directly  proportionate  to  that  of  the  blood ;  and  that  when 
fluids  are  injected  into  the  blood-vessels  in  suflScient  quantity  to 
distend  them,  the  injected  substance  may  be  almost  directly  after- 
wards found  in  the  lymphatics. 

Some  other  matters  than  those  originally  contained  in  the 
exuded  liquor  sanguinis  may,  however,  find  their  way  with  it 
into  the  lymphatic  vessels.  Parts  which  having  entered  into 
the  composition  of  a  tissue,  and,  having  fulfilled  their  purpose, 
require  to  be  removed,  may  not  be  altogether  excrementitious, 
but  may  admit  of  being  re-organised  and  adapted  again  for 
nutrftion ;  and  these  may  be  absorbed  by  the  lymphatics,  and 
elaborated  with  the  other  contents  of  the  lymph  in  passing 
through  the  glands. 

Lymph-IIcarU, — In  reptiles  and  some  birds,  an  important  aimliaiyto 
the  movement  of  the  lymph  and  chyle  is  supplied  in  certain  mnsciilar 
sacs,  named  lymph-hearts  (fig.  191),  and  Mr.  Wharton  Jones  has  shown 
that  the  caudal  heart  of  the  eel  is  a  lymph-heart  also.  The  number  and 
position  of  these  organs  vary.  In  frogs  and  toads  there  are  usually  four, 
two  anterior  and  two  posterior ;  in  the  frog,  the  posterior  lymph-heart  on 
each  side  is  situated  in  the  ischiatic  region,  just  beneath  the  skin ;  the 
anterior  lies  deeper,  just  over  the  transverse  process  of  the  third  vertebra. 
Into  each  of  these  cavities  several  lymphatics  open,  the  orifices  of  the  vessels 
being  gtiarded,  by  valves,  which  prevent  the  retrograde  passage  of  the 
lymph.  From  each  heart  a  single  vein  proceeds  and  conveys  the  lymph 
directly  into  the  venous  system.  In  the  frog,  the  inferior  lymphatic  heart, 
on  each  side,  pours  its  lymph  into  a  branch  of  the  ischiatic  vein  ;  by  the 
superior,  the  lynlpli  is  forced  into  a  branch  of  the  jugular  vein,  which  issae^ 
from  its  anterior  surface,  and  which  becomes  turgid  each  time  that  the  m^ 
contracts.  Blood  is  prevented  from  passing  from  the  vein  into  the  lymphatic? 
heart  by  a  valve  at  its  orifice. 

The  muscular  coat  of  these  hearts  is  of  variable  thickness  ;  in  some  case^ 
it  can  only  be  discovered  by  means  of  the  microscope  ;  but  in  every  cas^ 
it  is  composed  of  transversely-striated  fibres.  The  contractions  of  the  hearts 
are  rhythmical,  occurring  about  sixty  times  in  a  minute,  slowly,  and,  iff. 
comparison  with  those  of  the  blood-hearts,  feebly.  The  pulsations  of  the? 
ccn-ical  pair  are  not  always  synchronous  with  those  of  the  pair  in  the 
ischiatic  region,  and  even  the  corresponding  sacs  of  opposite  sides  are  not 
always  synchronous  in  their  action. 

Unlike  the  contractions  of  the  blood-heart,  those  of  the  lymph-heart 
appear  to  be  directly  dependent  upon  a  certain  limited  portion  of  the  spinal 
conl.    For  Yolkmann  found  that  so  long  as  the  portion  of  spinal  ooid 


CHAP.  I.]  ABSORPTION   BY   BLOOD-VESSELS.  371 

correflpondiiig  to  tlie  third  Tertel>ra  of  the  trog  was  oninjated,  the  cerrioat 
pair  of  lyiophatic  hearts  concinticd  pnUatiag  after  all  the  rest  of  the  spinal 
cord  and  the  brain  were  destroyed  ;  while  destraction  of  this  portion,  ercn 
thoDgh  all  other  parts  of  the  nervous  centres  were  iminjured,  tostantlj 


aneated  the  heart's  morements.  The  posterior  or  iachiatic  pair  of  !;inph- 
hearts  were  found  to  be  gOTemed,  in  like  manner,  bj  the  portion  of  spinal 
eord  corresponding  to  the  eighth  Tertebra.  Division  of  the  posterior  spinal 
nxrta  did  not  arrest  the  moTemcnts ;  but  division  of  the  anterior  rools 
cused  them  to  cease  at  onoe. 

AlMorption  by  Blood-veesels. 

In  the  abflorption  by  the  lymphatics  or  lacteal  vessels  just 
vieribed,  there  appears  something  like  the  exercise  of  choice 
in  the  materials  admitted  into  them.  But  the  absorption  by 
*>0d-Te8selB  presents  no  such  appearance  of  selection  of  materials ; 
^*^iia,  it  appears,  that  every  substance,  vhether  gaseous,  liquid, 
*  >  soluble  or  minutely  divided  solid,  may  be  absorbed  by  the 
''"od-TeBBeU,  prorided  it  is  capable  of  permeating  their  walls, 
"n  of  Diixing  with  the  blood ;  and  that  of  all  such  substances,  the 
^^  and  measure  of  abeorption  are  determiued  solely  by  their 
*I»ical  or  chemical  properties  and  conditions,  and  by  those  of 
*<  Uood  and  the  walls  of  the  blood-vessels. 

^%  191.  Ljmphadc  heart  (9  linee  long,  4  lines  broad)  of  a  large  species 
"Ofint,  th  Pytlion  bivittatns  (after  E.  Weber).  4.  Tha  eitemal  cellular 
^  5.  Tba  thick  mnscular  coat.  Four  muscular  columns  run  across  its 
'*%'i  aUeh  eommimicates  with  three  lymphatics  (1 — only  one  is  seen  here), 

^  tfa  tm  Tttm  (3,  3).     6.  Tha  imoath  lining  mambrane  of  the  cavity. 

;.  laall  agfmiagt,  or  auricle,  the  cavity  of  which  is  continaons  with  that 

'aemtgCOoemii. 
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Osmosis. — ^The  phenomena  are,  indeed,  exactly  comparable  to 
that  passage  of 'fluids  through  membrane,  which  occurs  quite 
independently  of  vital  conditions,  and  the  earliest,  and  best 
scientific  investigation  of  which  was  made  by  Dutrochet.  The 
instrument  which  he  employed  in  his  experiments  was  named  an 
endosmometer.  It  may  consist  of  a  graduated  tube 
Fifj,  192.  expanded  into  an  open-mouthed  bell  at  one  end,  over 
which  a  portion  of  membrane  is  tied  (fig.  192).  If 
now  the  bell  be  filled  with  a  solution  of  a  salt — say 
chloride  of  sodium,  and  be  immersed  in  water,  the 
water  will  pass  into  the  solution,  and  part  of  the  salt 
will  pass  out  into  the  water ;  the  water  will  pass  into 
the  solution,  much  more  rapidly  than  the  salt  will  pass 
out  into  the  water,  and  the  diluted  solution  will  rise 
in  the  tube.  To  this  passage  of  fluids  through  mem- 
brane the  term  Osmosis  is  applied. 

The  nature  of  the  membrane  used  as  a  septum, 
and  its  affinity  for  the  fluids  subjected  to  experiment 
have  an  important  influence,  as  might  be  anticipated, 
on  the  rapidity  and  duration  of  the  osmotic  current 
Thus,  if  a  piece  of  ordinary  bladder  be  used  as  the 
septum  between  water  and  alcohol,  the  current  is 
almost  solely  from  the  water  to  the  alcohol,  on  ac- 
count of  the  much  greater  affinity  of  water  for  tliift 
kind  of  membrane ;  while,  on  the  other  hand,  in  the 
case  of  a  membrane  of  caoutchouc,  the  alcohol,  from  its  greater 
affinity  for  tb'is  substance,  would  pass  freely  into  the  water. 

Osmosis  by  Blood-vessels. — Absorption    by    blood-veasc^ 
is    the    consequence     of    their    walls    being,    like    the 
branous  septum  of  the   endosmometer,   porous  and  capable 
imbibing  fluids,  and  of  the  blood  being  so  composed  that  m. 
fluids  will    mingle  with  it     The   process  of   absorption,   in 
instructive,   though    very  imperfect  degree,   may    be    o 
in  any  portion  of  vascular  tissue  removed  from  the  body.     If  s**^ 
a  one  be  placed  in  a  vessel  of  water,  it  will  shortly  swell,  ^^ 
become  heavier  and  moister,  through  the  quantity  of  water  i^  ; 
bibed  or  soaked  into  it ;  and  if  now,  the  blood  contained  in  any^ 
its  vessels  be  let  out,  it  will  be  found  diluted  with  water,  wbi»^ 
has  been  absorbed  by  the  blood-vessels  and  mingled  with  tb^ 
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blood.  The  water  round  the  piece  of  tissue  also  "will  become 
blood-stained ;  and  if  all  be  kept  at  perfect  rest,  the  stain  derived 
from  the  solution  of  the  colouring  matter  of  the  blood  (together 
with  which  chemistry  would  detect  some  of  the  albumen  and 
other  parts  of  the  liquor  sanguinis)  will  spread  more  widely  every 
day.  The  same  will  happen  if  the  piece  of  tissue  be  placed  in  a 
saline  solution  instead  of  water,  or  in  a  solution  of  colouring  or 
odorous  matter,  either  of  which  will  give  their  tinge  or  smell  to 
the  blood,  and  receive,  in  exchange,  the  colour  of  the  blood. 

Colloids  and  Crystalloids. — Prof.  Graham  has  classed  various 
substances  according  to  the  degree  in  which  they  possess  the  pro- 
perty of  passing,  when  in  a  state  of  solution  in  water,  through 
membrane ;  those  which  pass  freely,  inasmuch  as  they  are  usually 
oapable  of  crystallization,  being  termed  crystalloids^  and  those 
which  pass  with  difficulty,  on  account  of  their,  physically,  glue- 
like  characters,  colloids, 

A  remarkable  exception  to  the  rule  laid  down  by  the  separation  of  these 
grcmps  into  coUoids  and  crystalloids  is  afforded  by  Haemoglobin,  which 
is  colloid^  so  far  as  its  incapability  of  diffusion  is  concerned  ;  while  at  the 
ttme  time,  it  is  capable  of  crystallization. 

This  distinction,  however,  between  colloids  and  crystalloids 
irhich  is  made  the  basis  of  their  classification,  is  by  no  means 
the  only  difiPerence  between  them.  The  colloids,  besides  the 
absence  of  power  to  assiune  a  crystalline  form,  arc  characterised 
by  their  inertness  as  acids  or  bases,  and  feebleness  in  all  ordinary 
chemical  relations.  Examples  of  them  are.  found  in  albumin, 
gelatin,  starch,  hydratcd  alumina,  hydrated  silicic  acid,  etc. ; 
while  the  crystalloids  are-  characterised  by  qualities  the  reverse  of 
those  just  mentioned  as  belonging  to  colloids.  Alcohol,  sugar, 
sttid  ordinary  saline  substances  are  examples  of  crystalloids, 

Bapidity  of  Absorption. — The  rapidity  with  which  matters 

^*iay  be   absorbed  from   the   stomach    probably  by  the  blood- 

^"c^sels  chiefly,  and  diffused  through  the  textures  of  the  body,  may 

^  gathered  from  the  history  of  some  experiments  by  Dr.  Benco 

J<>ne8.    From  these  it  appears  that  even  in  a  quarter  of  an  hour 

•fter  being  given  on  an  empty  stomach,  chloride  of  lithium  may 

be  diffused  into  all  the  vascular  textures  of  the  body,  and  into 

•toe  of  the  non-vascolar,  as  the  cartilage  of  the  hip-joint,  as  well 

Hiiito  the  aqueous  humour  of  the  eye.     Into  the  outer  part  of 
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the  crystalline  lens  it  may  pass  after  a  time,  varying  from  half  an 
hour  to  an  hour  and  a  half.  Carbonate  of  lithium,  when  taken  in 
five  or  ten  grain  doses  on  an  empty  stomach,  may  be  detected  in 
the  urine  in  5  or  10  minutes  ;  or,  if  the  stomach  be  full  at  the 
time  of  taking  the  dose,  in  20  minutes.  It  may  sometimes  be 
detected  in  the  urine,  moreover,  for  six,  seven,  or  eight  day^. 

Some  experiments  on  the  absorption  of  various  mineral  and 
vegetable  poisons,  by  Mr.  Savory,  have  brought  to  light  the 
singular  fact,  that,  in  some  cases,  absorption  takes  place  more 
rapidly  from  the  rectum  than  from  the  stomacL  Strychnia,  for 
example,  when  in  solution,  produces  its  poisonous  effects  much 
more  speedily  when  introduced  into  the  rectum  than  into  the 
stomach.  When  introduced  in  the  solid  form,  however,  it  is 
absorbed  more  rapidly  from  the  stomach  than  from  the  rectum, 
doubtless  because  of  the  greater  solvent  property  of  the  secretion 
of  the  former  than  of  that  of  the  latter. 

With  regard  to  the  degree  of  absorption  by  living  blood-vessels, 
much  depends  on  the  facility  with  which  the  substance  to  be  absorbed 
can  penetrate  the  membrane  or  tissue  which  lies  between  it  and 
the  blood-vessels.  Thus  absorption  will  hardly  take  place  through 
the  epidermis,  but  is  quick  when  the  epidermis  is  removed,  and 
the  same  vessels  are  covered  with  only  the  surface  of  the  cutis,  or 
with  granulations.  In  general,  the  absorption  through  membranes 
is  in  an  inverse  proportion  to  the  thickness  of  their  epithelia ;  sa 
Miiller  found  the  urinary  bladder  of  a  frog  traversed  in  less  than  ^ 
second ;  and  the  absorption  of  poisons  by  the  stomach  or  lung^ 
appears  sometimes  accomplished  in  an  immeasurably  small  time. 

Conditions  for  Absorption. — i.  The  substance  to  be  ab — 
sorbed  must,  as  a  general  rule,  be  in  the  liquid  or  gaseous  state-^^ 
or,  if  a  solid,  must  be  soluble  in  the  fluids  with  which  it  is  brough^^ 
in  contact.  Hence  the  marks  of  tattooing,  and  the  discoloration:::^ 
produced  by  nitrate  of  silver  taken  internally,  remain.  Mercur]^^ 
may  be  absorbed  even  in  the  metallic  state  ;  and  in  that  state  ma^^ 
pass  into  and  remain  in  the  blood-vessels,  or  be  deposited  irojc::^ 
them  (Oesterlen) ;  and  such  substances  as  exceedingly  finely^ — 
divided  charcoal,  when  taken  into  the  alimentary  canal,  have  beet:^ 
found  in  the  mesenteric  veins  (Oesterlen)  ;  the  insoluble  material^^ 
of  ointments  may  also  be  rubbed  into  the  blood-vessels ;  but  ther^ 
are  no  facts  to  determine  how  these  various  substances  effect  theit^ 
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passage.  Oil,  minutely  divided,  as  in  an  emulsion,  will  pass  slowly 
into  blood-vessels,  as  it  will  through  a  filter  moistened  with  water 
(Vogel) ;  and,  without  doubt,  fatty  matters  find  their  way  into 
the  blood-vessels  as  well  as  the  lymph-vessels  of  the  intestinal 
canal,  although  the  latter  seem  to  be  specially  intended  for  their 
absorption. 

2.  The  less  dense  the  fluid  to  be  absorbed,  the  more  speedy,  aa 
a  general  rule,  is  its  absorption  by  the  living  blood-vessels.  Hence 
the  rapid  absorption  of  water  from  the  stomach;  also  of  weak 
saline  solutions ;  but  with  strong  solutions,  there  appears  less 
absorption  into,  than  effusion  from,  the  blood-vessels. 

3.  The  absorption  is  the  less  rapid  the  fuller  and  tenser  the 
blood-vessels  are ;  and  the  tension  may  be  so  great  as  to  hinder 
altogether  the  entrance  of  more  fluid.  Thus,  Magcndie  found 
that  when  he  injected  water  into  a  dog's  veins  to  repletion, 
IX)ison  was  absorbed  very  slowly ;  but  when  he  diminished  the 
tension  of  the  vessels  by  bleeding,  the  poison  acted  quickly. 
So,  when  cupping-glasses  are  placed  over  a  poisoned  wound,  they 
retard  the  absorption  of  the  poison  not  only  by  diminishing  the 
velocity  of  the  circulation  in  the  part,  but  by  filling  all  its  vessels 
too  full  to  admit  more. 

On  the  same  ground,  absorption  is  the  quicker  the  more  rapid 
the  circulation  of  the  blood ;  not  because  the  fluid  to  be  absorbed 
is  more  quickly  imbibed  into  the  tissues ;  or  mingled  with  the 
blood,  but  because  as  fast  as  it  enters  the  blood,  it  is  carried  away 
from  the  part,  and  the  blood  being  constantly  renewed,  is  con- 
stantly as  fit  as  at  the  first  for  the  reception  of  the  substance  to 
be  absorbed. 


CHAPTER    XL 

NUTRITION    AND    GROWTH. 


NuTRiTiox  or  nutritive  assimilation  is  that  modification  of  the 
formative  process  peculiar  to  living  bodies  by  which  tissues  and 
organs  already  formed  maintain  their  integrity.  By  the  incor- 
poration of  fresh  nutritive  principles  into  their  substance,  the  loss 
consequent  on  the  waste  and  natural  decay  of  the  component 
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particles  of  the  tissues  is  repaired  :  and  each  elementary  particle 
seems  to  have  the  power  not  only  of  attracting  materials  from  the 
blood,  but  of  causing  them  to  assume  its  structure,  and  participate 
in  its  vital  properties. 

The  duration  of  life  in  each  particle  is  liable  to  be  modified ; 
especially  by  the  exercise  of  the  function  of  the  part  The  less 
a  part  is  exercised  the  longer  do  its  component  particles  appear 
to  live :  the  more  active  its  functions  are,  the  less  prolonged  is 
the  existence  of  its  individual  particles.  So  in  the  case  of  single 
cells ;  if  the  general  development  of  the  tadpole  be  retarded  by 
keeping  it  in  a  cold,  dark  place,  and  if  hereby  the  function  of  the 
blood-corpuscles  be  slowly  and  imperfectly  discharged,  they  will 
maintain  their  embryonic  state  for  even  several  weeks  later  than 
usual,  the  development  of  the  second  set  of  corpuscles  will  be  pro- 
portionally postponed,  and  the  individual  life  of  the  corpuscles  of 
the  first  set  will  be,  by  the  same  time,  prolonged. 

The  process  hj  tvhich  a  new  particle  is  formed  in  the  place  of  the 
old  one  is  probably  always  a  process  of  development ;  that  is,  the 
cell  or  fibre,  or  other  element  of  tissue,  passes  in  its  formatioa 
through  the  same  stages  of  development  as  those  elements  of  the 
same  tissue  did  which  were  first  formed  in  the  embryo.  This  i 
probable  from  the  analogy  of  the  hair,  the  teeth,  the  epidermic*- 
and  all  the  tissues  that  can  be  observed  :  in  all,  the  process 
repair  or  replacement  is  effected  through  development  of  t 
new  parts.  The  existence  of  nuclei  in  nearly  all  parts  t 
are  the  seats  of  active  nutrition  makes  the  same  probabli^M 
Fpr  these  nuclei,  such  as  are  seen  so  abundant  in  strong,  acti—"^ 
muscles,  are  not  remnants  of  the  embryonic  tissue,  but  germs 
organs  of  power  for  new  formation,  and  their  abundance  o: 
appears  directly  proportionate  to  the  activity  of  growth.  Th 
they  are  always  abundant  in  the  foetal  tissues,  and  those  of  t-  ^ 
young  animal :  and  they  are  peculiarly  numerous  in  the  musc^^^ 
and  the  brain,  and  their  disappearance  from  a  part  in  whL 
they  usually  exist  is  a  sure  accompaniment  and  sign  of  deg 
ration. 

A  difference  may  be  drawn  between  what  may  be  called  n 
tive  reproduction  and  nutritive  repetition.  The  former  is  shown  ^ 
the  case  of  the  hiunan  teetL  As  the  deciduous  tooth  is  bei^^^ 
developed,  a  part  of  its  productive  capsule  is  detached,  and 
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as  a  germ  for  the  formation  of  the  second  tooth ;  in  which  second 
tooth,  therefore,  the  first  may  be  said  to  be  reproduced,  in  the 
same  sense  as  that  in  which  we  speak  of  the  organs  by  which  new 
indiyiduals  are  formed,  as  the  reproductive  organs.  But  in  the 
shark's  jaws,  and  others,  in  which  we  see  row  after  row  of  teeth 
succeeding  each  other,  the  row  behind  is  not  formed  of  germs 
derived  from  the  row  before  :  the  front  row  is  simply  repeated  in 
the  second  one,  the  second  in  the  third,  and  so  on. 

Ck>ndition8  neoessary  for  Nutrition. — In  order  that  the 
process  of  nutrition  may  bo  perfectly  accomplished,  certain  con- 
ditions arc  necessary.  Of  these,  the  most  important  are  :  i.  A 
right  state  and  composition  of  the  blood,  from  which  the  materials 
for  nutrition  are  derived.  2.  A  regular  and  not  far  distant  supply 
of  such  blood.  3.  A  certain  influence  of  the  nervous  system.  4. 
A  natural  state  of  the  part  to  bo  nourished. 

I.  This  rigJit  condition  of  the  blood  does  not  necessarily  imply  its 
accordance  with  any  known  standard  of  composition,  common  to 
all  kinds  of  healthy  blood,  but  rather  tho  existence  of  a  certain 
adaptation  between  the  blood  and  the  tissues,  and  even  the  several 
portions  of  each  tissue.     Such  an  adaptation,  peculiar  to  each 
individual,  is  determined  in  its  first  formation,  and  is  maintained 
in  the  concurrent  development  and  increase  of  both  blood  and 
tissues  ;  and  upon  its  maintenance  in  adult  life  appears  to  depend 
the  continuance  of  a  healthy  process  of  nutrition,  or,  at  least,  the 
preservation  of  that-  exact  sameness  of  the  whole  body  and  its 
parts,  which  constitutes  the  perfection  of  nutrition.     Evidence  of 
the  adaptation  between  the  blood  and  the  tissues,  and  of  the  exceed- 
t2ig  fineness  of  the  adjustment  by  which  it  is  maintained,  is  afforded 
Isy  the  phenomena  of  diseases,  in  which,  after  the  introduction  of 
certain  animal  poisons,  even  in  very  minute  quantities,  the  whole 
znass  of  the  blood  is  altered  in  composition,  and  the  solid  tissues 
«ure  perverted  in  their  nutrition.     It  is  necessary  to  refer  only  to 
such  diseases  as  syphilis,  small-pox,  and  other  eruptive  fevers,  in 
illustration.     And  when  the  absolute  dependence  of  all  the  tissues 
on  the  blood  for  their  very  existence  is  remembered,  on  the  one 
^^suid,  and,  on  the  other,  the  rapidity  with  which  substances  intro- 
duced into  the  blood  are   difiused   into  all,  even   non-vascular 
^©xtures,  it  need  be  no  source  of  wonder  that   any,   even  the 
^''^htest  alteration  from  the  normal  constitution  of  the   blood 
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should  be  immediately  reflected,  so  to  speak,  as  a  change  in  the 
nutrition  of  the  solid  tissues  and  organs  which  it  is  destined  to 
nourisL 

2.  The  necessity  of  an  adequate  supply  of  appropriate  blood  in 
or  near  the  part  to  he  nourislied,  in  order  that  its  nutrition  may  be 
perfect,  is  shown  in  the  frequent  examples  of  atrophy  of  parts  to 
which  too  little  blood  is  sent,  of  mortification  or  arrested  nutrition 
when  the  supply  of  blood  is  entirely  cut  off,  and  of  defective  nutri- 
tion when  the  blood  is  stagnant  in  a  part.  That  the  nutrition 
of  a  part  may  be  perfect,  it  is  also  necessary  that  the  blood  should 
be  brought  sufficiently  near  to  it  for  the  elements  of  the  tissue  to 
imbibe,  through  the  walls  of  the  blood-vessels,  the  nutritive 
materials  which  they  require. 

The  blood-vessels  serve  alike  for  the  nutrition  of  the  vascular 
and  the  non-vascular  parts,   the   difference   between  which,  in 
regard  to  nutrition,  is  less  than  it  may  seem.     For  the  vascular, 
the  nutritive  fluid  is  carried  in  streams  into  the  interior ;  for  the 
non-vascular,  it  flows  on  the  surface ;  but  in  both  alike,  the  parts 
themselves  imbibe  the  fluid ;  and  although  the  passage  through 
the  walls  of  the   blood-vessels   may  effect  some  change  in  tho 
materials,  yet  all  the  process  of  formation  is,  in  both  alike,  out — 
side  the  vessels.     Thus,  in  muscular  tissue,  the  fibrils  in  the  very^ 
centre  of  the  fibre  nourish  themselves  :  yet  these  are  distant  from^ 
all  blood-vessels,  and  can  only  by  imbibition  receive  their  nutri —  - 
ment.     So,  in  bones,  the  spaces  between  the  blood-vessels  ar^^ 
wider  than  in  muscle ;  yet  the  parts  in  the  meshes  nourish  them--^ 
selves,  imbibing  materials  from  the  nearest  source.     The  non--^ 
vascular  epidermis,  though  no  vessels  pass  into  its  substance,  yet"^ 
imbibes  nutritive  matter  from  the  vessels  of  the  immediately  sub-c^ 
jacent  cutis,  and  maintains  itself  and  grows.     The  instances  ot^ 
the  cornea  and  vitreous  humour  are  stronger,  yet  similar ;  anc^ 
sometimes  even  the  same  tissue  is  in  one  case  vascular,  in  th^^ 
other  not,  as  the  osseous  tissue,  which,  when  it  is  in  masses  oi^^ 
thick  layers,  has  blood-vessels  running  into  it;  but  when  it  is  \vc^ 
thin  layers,  as  in  the  lachrymal  and  turbinated  bones,  has  not— -== 
These  bones  subsist  on  the  blood  flowing  in  the  minute  vessels  ol 
the  raucous  membrane,  from  which  the  epithelium  derives  nutri— • 
ment  on  one  side,  the  bone  on  the  other,  and  the  tissue  of  ther 
membrane  itself  on  every  side  :  a  striking  instance  how,  from  ther 
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same  source,  many  tissues  maintain  themselves,  each  exercising 
its  peculiar  assimilative  and  self-formative  power. 

3.  The  third  condition  essential  to  a  healthy  nutrition,  is  a 
certain  influence  of  the  nervous  system. 

It  has  been  held  that  the  nervous  system  cannot  be  essential  to 
a  healthy  course  of  nutrition,  because  in  plants  and  the  early 
embryo,  and  in  the  lowest  animals,  in  which  no  nervous  system  is 
developed,  nutrition  goes  on  without  it.  But  this  is  no  proof  that 
in  animals  which  have  a  nervous  system,  nutrition  may  be  in- 
dependent of  it ;  rather,  it  may  be  assumed,  that  in  ascending 
development,  as  one  system  after  another  is  added  or  increased,  so 
the  highest  (and,  highest  of  all,  the  nervous  system)  will  always 
be  inserted  and  blended  in  a  more  and  more  intimate  relation 
with  all  the  rest :  according  to  the  general  law,  that  the  interde- 
pendence of  parts  augments  with  their  development. 

The  reasonableness  of  this  assumption  is  proved  by  many  facts 
showing  the  influence  of  the  nervous  system  on  nutrition,  and  by 
the  most  striking  of  these  facts  being  observed  in  the  higher 
animals,  and  especially  in  man.  The  influence  of  the  mind  in  the 
production,  aggravation,  and  cure  of  organic  diseases  is  matter  of 
daily  observation,  and  a  sufficient  proof  of  influence  exercised  on 
nutrition  through  the  nervous  System. 

Indei)endently  of  mental  influence,  injuries  either  to  portions  of 
'the  nervous  centres,  or  to  individual  nerves,  are  frequently  fol- 
lowed by  defective  nutrition  of  the  parts  supplied  by  the  injured 
xicrves,  or  deriving  their  nervous  influence  from  the  damaged 
X>ortions  of  the  nervous  centres.  Thus,  lesions  of  the  spinal  cord 
sije  sometimes  followed  by  mortification  of  portions  of  the  paralysed 
I>art8 ;  and  this  may  take  place  veiy  quickly,  as  in  a  case  by  Sir 
13l  C.  Brodie,  in  which  the  ankle  sloughed  within  twenty-four 
liours  after  an  injury  of  the  spine. 

Undue  irritation  of  the  trunks  of  nerves,  as  well  as  their  division 

^^^  destruction,  is  sometimes  followed  by  defective  or  morbid  nutri- 

"^on.  To  this  may  be  referred  the  cases  in  which  ulceration  of  the 

P^ita  supplied  by  the  irritated  nerves  occurs  frequently,  and  con- 

^^es  so  long  as  the  irritation  lasts.     Further  evidence  of  the  in- 

^^ence  of  the  nervous  system  upon  nutrition  is  furnished  by  those 

L       ^*8e8  in  which,  ftom,  mental  anguish,  or  in  severe  neuralgic  head- 

\k      ^0^  the  hair  becomes  grey  very  quickly,  or  even  in  a  few  hours. 
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Trophic  Nerves. — ^The  question  remains,  through  which  class 
of  nerves  is  the  influence  exerted  ? 

It  must  be  conchided,  that  the  mfluenco  which  is  exercised  by 
nerves  over  the  nutrition  of  parts  to  which  they  are  distributed  is 
to  be  referred,  in  part  or  altogether,  either  to  the  nerves  of  common 
sensation,  or  to  the  vaso-motor  nerves,  or,  as  it  is  by  some  sup- 
posed, to  nerve-fibres  {trophic  nerves),  which  preside  specially  over 
the  nutrition  of  the  tissues  and  organs  to  which  they  are  suppUed 
(see  Chapter  on  the  Nervous  System). 

It  is  not  at  present  possible  to  say  whether  the  influence  on 
nutrition  is  exercised  through  the  cerebro-spinal  or  through  the 
sympathetic  nerves,  which,  in  the  parts  on  which  the  observation 
has  been  made,  are  generally  combined  in  the  same  sheath.  The 
truth  perhaps  is,  that  it  may  be  exerted  through  either  or  both 
of  these  nerves.  The  defect  of  nutrition  which  ensues  after  lesion 
of  the  spinal  cord  alone,  the  sympathetic  nerves  being  uninjured, 
and  the  general  atrophy  which  sometimes  occurs  in  consequence  of 
diseases  of  the  brain,  seem  to  prove  the  influence  of  the  cerebro- 
spinal system :  while  the  observation  of  Magendie  and  Mayer,  that 
inflammation  of  the  eye  is  a  constant  result  of  ligature  of  the 
sympathetic  nerve  in  the  neck,  and  many  other  observations  of  a 
similar  kind,  exhibit  very  well  the* influence  of  the  latter  nerve  in 
nutrition. 

4.  The  fourth  condition  necessary  to  healthy  nutrition  is  a- 
Ivealthij  state  of  the  part  to  he  nourlslied.     This  seems  proved  by 
the  very  nature  of  the  process,  which  consists  in  the  formation  oC 
new  parts  like  those  already  existing ;  for,  unless  the  latter  are?- 
healthy,  the  former  cannot  bo  so.     Whatever  be  the  condition  of 
a  part,  it  is  apt  to  be  perpetuated  by  assimilating  exactly  to  itself, 
and  endowing  with  all  its  peculiarities,  the  new  particles  which  it 
forms  to  replace  those  that  degenerate.     So  long  as  a  part  i 
healthy,  and  the  other  conditions  of  healthy  nutrition  exist,  i 
maintains  its  healthy  condition.     But,  according  to  the  same  la^ 
if  the  structure  of  a  part  be  diseased  or  in  any  way  altered  fro 
its  natural  condition,  the  alteration  is  maintained ;  the  alten 
like  the  healthy  structiu'e,  is  perpetuated. 

Such  are  some  of  the  more  important  conditions  which  app 
to  bo  essential  to  healthy  nutrition.     Absence  or  defect  of  any 
of  them  is  liable  to  be  followed  by  disarrangement  of  the  proc 
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and  the  various  diseases  resulting  from  defective  nutrition  appear 
to  be  due  to  the  failure  of  these  conditions,  more  often  than  to 
imperfection  of  the  process  itself. 

Growth. — Growth,  as  has  been  already  observed,  consists  in 
the  increase  of  a  part  in  bulk  and  weight  by  the  addition  to  its 
substance  of  particles  similar  to  its  own,  but  more  than  sufficient 
to  replace  those  which  it  loses  by  the  waste  or  natural  decay  of 
its  tissue.  The  structure  and  composition  of  the  part  remain  the 
same ;  but  the  increase  of  healthy  tissue  which  it  receives  is  at- 
tended with  the  capability  of  discharging  a  larger  amount  of  its 
ordinary  function. 

While  development  is  in  progress,  growth  frequently  proceeds 
with  it  in  the  same  part,  as  in  the  formation  of  the  various  organs 
and  tissues  of  the  embryo,  in  which  parts,  while  they  grow  larger, 
are  also  gradually  more  developed  until  they  attain  their  perfect 
state.  But  commonly,  growth  continues  after  development  is 
completed,  and  in  some  parts,  continues  even  after  the  full  stature 
of  the  body  is  attained,  and  after  nearly  every  portion  of  it  has 
gained  its  perfect  state  in  both  size  and  composition. 

In  certain  conditions,  this  continuance  or  a  renewal  of  growth 
may  be  observed  in  nearly  every  part  of  the  body.     When  parts 
have   attained  the  full  size  which  in  the   ordinary  process  of 
growth  they  reach,  and  are  then  kept  in  a  moderate  Ixercise  of 
their  functions,  they  commonly  (as  already  st4ited)  retain  almost 
exactly  the  same  dimensions  through  the  adult  period  of  life. 
Bat  when,  from  any  cause,  a  part  already  full-grown  in  proportion 
to  the  rest  of  the  body,  is  called  upon  to  discharge  an  unusual 
amount  of  its  ordinary  function,  the  demand  is  met  by  a  corre- 
sponding increase  or  growth  of  the  part.     Illustrations  of  this  are 
*^flfoxded  by  the  increased  thickening  of  cuticle  at  parts  where  it  is 
"^l^^jected  to  an  unusual  degree  of  occasional  pressure  or  friction, 
to   ia  the  palms  of  the  hands  of  persons  employed  in  rough  manual 
"*^^c>ur;  by  the  enlargement  and  increased  hardness  of  muscles 
^*^^-t;  are  largely  exercised ;  and  by  many  other  facts  of  a  like  kind. 
^^^   increased  power  of  nutrition  put  forth  in  such  growth  is 
P^o.ter  than  might  be  supposed ;  for  the  immediate  effect  of  in- 
^^'^^tsed  exercise  of  a  part  must  bo  a  greater  using  of  its  tissue, 
•^^  might  be  expected  to  entail  a  permanent  thinning  or  diminu- 
^*^  of  the  substance  of  the  part.     But  the  energy  with  which 
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fresh  particles  are  formed  is  sufficient  not  only  to  replace  com- 
pletely those  that  are  worn  away,  but  to  cause  an  increase  in  the 
substance  of  the  part— the  amount  of  this  increase  being  pro- 
portioned to  the  more  than  usual  degree  in  which  its  functions 
are  exercised. 

The  growth  of  a  part  from  undue  exercise  of  its  functions  is 
always,  in  itself,  a  healthy  process  ;  and  the  increased  size  which 
results  from  it  must  be  distinguished  from  the  various  kinds  of 
enlargement  to  which  the  same  part  may  be  subject  from  disease. 
In  the  former  case,  the  enlargement  is  due  to  an  increased 
quantity  of  healthy  tissue,  providing  more  than  the  previous 
power  to  meet  a  particular  emergency ;  the  other  may  be  the 
result  of  a  deposit  of  morbid  material  within  the  natural  structure 
of  the  part,  diminishing,  instead  of  augmenting,  its  fitness  for  its 
office.  Such  a  healthy  process  of  growth  in  a  part,  attended  with 
increased  power  and  activity  of  its  functions,  may,  however,  occur 
as  the  consequence  of  disease  in  some  other  part ;  in  which  case 
it  is  commonly  called  Hypertrophy,  i, «.,  excess  of  nutrition.  The 
most  familiar  examples  of  this  are  in  the  increased  thickness  and 
robustness  of  the  muscular  walls  of  the  cavities  of  the  heart  in 
cases  of  continued  obstruction  to  the  circulation ;  and  in  the  in- 
creased development  of  the  muscular  coat  of  the  urinary  bladder 
when,  from  any  cause,  the  free  discharge  of  urine  from  it  is  inter- 
fered with.  In  both  these  cases,  though  the  origin  of  the  growth 
is  the  consequence  of  disease,  yet  the  growth  itself  is  natural,  and 
its  end  is  the  benefit  of  the  economy ;  it  is  only  common  growth 
renewed  or  exercised  in  a  part  which  had  attained  its  size  in  due 
proportion  to  the  rest  of  the  body. 

It  may  be  further  mentioned,  in  relation  to  the  physiology  of 
this  subject,  that  when  the  increase  of  function,  which  is  requi- 
site in  the  cases  from  which  hypertrophy  results,  cannot  be 
efficiently  discharged  by  mere  increase  of  the  ordinary  tissue  of 
the  part,  the  development  of  a  new  and  higher  kind  of  tissue  is 
frequently  combined  with  this  growth.  An  example  of  this  is 
furnished  by  the  uterus,  in  the  walls  of  which,  when  it  becomes 
enlarged  by  pregnancy,  or  by  the  growth  of  fibrous  tumours, 
organic  muscular  fibres,  found  in  a  very  ill-developed  condition 
in  its  quiescent  state,  are  then  enormously  developed,  and  pro- 
vide for  the  expulsion  of  the  foetus  or  the  foreign  body.     Other 
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examples  of  the  same  kind  are  fumishod  by  cases  in  which,  from 
obstruction  to  the  discharge  of  their  contents  and  a  consequently 
iuereased  nocesaity  for  propulsive  power,  the  coats  of  reservoirs 
and  of  ducts  become  the  scat  of  development  of  oi^anio  muscular 
Abrcs,  which  could  be  said  only  just  to  exist  iu  them  before,  or 
were  present  in  a  very  iuiperfectly  developed  condition. 

RcBpecting  the  mode  and  couditiouu  of  the  process  of  growth, 
it  need  only  be  said,  that  its  mode  secma  to  differ  only  in  degree 
irom  that  of  common  maintenance  of  a  port ;  more  particles  are 
removed  from,  and  many  more  added  to  a  growing  tissue,  than 
to  one  which  only  maintains  itself.  But  so  for  as  can  be 
ascertained,  the  mode  of  removal,  the  disposition  of  the  removed 
parts,  and  the  insertion  of  the  new  particles,  are  as  in  simple 
maintenance. 

The  conditions  also  of  growth  are  the  same  as  those  of  common 
nutrition,  and  are  equally  or  more  necessary  to  ita  occurrence. 
When  they  are  very  favourable  or  in  excess,  growth  may  occur  in 
the  place  of  common  nutrition.  Thus  hair  may  grow  profusely  in 
the  neighbourhood  of  old  ulcers,  in  consequence,  apparently,  of  the 
excessive  supply  of  blood  to  the  hair-bulbe  and  pulps ;  bones  may 
increase  in  length  when  disease  brings  much  blood  to  them ;  and 
cocks'  spurs  transplanted  from  their  legs  into  their  combs  grow  to 
an  unnatural  length;  the  conditions  conunon  to  all  these  cases 
being  both  an  increased  supply  of  blood,  and  the  capability,  on  the 
part  of  the  growing  tissue,  of  availing  itself  of  the  opportunity 
of  increased  absorption  and  nutrition  thus  afforded  to  it.  In  the 
absence  of  the  last-named  conditiou,  increased  supply  of  blood  will 
not  lead  to  increased  nutrition. 


CHAPTER  XIL 

SECRBTION. 

Secretion  is  the  process  by  wliich  materials  are  separated 
from  the  blood,  and  from  the  organs  in  which  they  are  formed, 
for  the  purpose  cither  of  serving  some  ulterior  office  in  the 
economy,  or  being  discharged  from  the  body  as  excrement.  In 
the  former  case,  the  separated  materials  are  termed  secretions;  in 
the  latter,  they  are  termed  excretions. 

Most  of  the  secretions  consist  of  substances  which,  probably,  do 
not  pre-exist  in  the  same  form  in  the  blood,  but  require  special 
organs  and  a  process  of  elaboration  for  their  formation,  eg.,  the 
liver  for  the  formation  of  bile,  the  mammary  gland  for  the  forma- 
tion of  milk.     The  excretions,  on  the  other  hand,  commonly  or 
chiefly  consist  of  substances  which   exist  ready-formed  in  the 
blood,  and  are  merely  abstracted  therefrom.     If  from  any  cause, 
such  as  extensive  disease  or  extirpation  of  an  excretory  organ, 
the  separation  of  an  excretion  is  prevented,  and  an  accumulation 
of  it  in  the  blood  ensues,  it  frequently  escapes  through  other 
organs,  and  may  bo  detected  in  various  fluids  of  the  body.     But 
this  is  never  the  case  with  secretions ;  at  least  with  those  that 
are  most  elaborated ;  for  after  the  removal  of  the  specicJ  organs 
by  which  any  of  them  is  elaborated,  it  is   no  longer  formed 
Cases  sometimes  occur  in  wliich  the  secretion  continues   to  bo 
formed  by  the  natural  organ,  but  not  being  able  to  escape  to- 
wards the  exterior,  on  account  of  some  obstruction,  is  re-absorbed 
into  the  blood,  and  afterwards  discharged  from  it  by  exudation  im 
other  ways ;  but  these  are  not  instances  of  true  vicarious  secre-^ 
tion,  and  must  not  be  thus  regarded. 

These  circumstances,  and  their  final  destination,  are,  however^ 
the  only  particulars  in  which  secretions  and  excretions  can 
distinguished  ;  for,  in  general,  the  structure  of  the  parts  ei 
in  eliminating  excretions  is  as  complex  as  that  of  the  parts  con — 
cerued  in  the  formation  of  secretions.  And  since  the  differences  c^ 
the  two  processes  of  separation,  corresponding  with  those  in  th^ 
several  purposes  and  destinations  of  the  fluids,  are  not  yet  asoen^ 
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tained,  it  will  be  sufficient  to  speak  in  general  terms  of  the  process 
of  separation  or  secretion. 

Every  secreting  apparatus  possesses,  as  essential  parts  of  its 
structure,  a  simple  and  almost  textureless  membrane,  named 
the  primary  or  basement-membrane  ;  certain  celU  ;  and  blood-vessels. 
These  three  structural  elements  arc  arranged  together  in  various 
ways ;  but  all  the  varieties  may  be  classed  under  one  or  other  of 
two  principal  divisions,  namely,  memhranes  and  glands. 

Secreting  Membranes. 

The  principal  secreting  membranes  are  the  Serous  and  Synovial 
membranes,  the  Mucous  membranes,  and  the  Skin.* 

Serous  Membranes. — The  serous  membranes  are  especially 
distinguished  by  the  characters  of  the  endothelium  covering  their 
free  surface :  it  always  consists  of  a  single  layer  of  polygonal  cells. 

Fig,  I93.t 


The  ground  substance  of  most  serous  membranes  consists 
of  connective-tissue  corpuscles  of  various  forms  lying  in  the  branch- 
ing spaces  which  constitute  the  '^  lymph  canalicular  system,"  and 
interwoven  with  bundles  of  white  fibrous  tissue,  and  numerous 
delicate  elastic  fibriUee,  together  with  blood-vessels,  nerves,  and 
lymphatics. 

In  relation  to  the  process  of  secretion,  the  layer  of  con- 
nective tissue  serves  as  a  ground-work  for  the  ramification  of 
blood-vessels,  lymphatics,  and  nerves.  But  in  its  usual  form  it 
is  absent  in  some  instances,  as  in  the  arachnoid  covering  the 
dura  mater,  and  in  the  interior  of  the  ventricles  of  the  brain. 
The  primary  membrane  and  epithelium  are  always  present, 
and  are  concerned  in  the  formation  of  the  fluid  by  which  the  free 
surface  of  the  membrane  is  moistened. 


*  The  skin  will  be  described  in  a  subsequent  chapter. 

t  Fig.  193.  Plan  of  a  secreting  membrane ;  a,  metnbrana  propria^  or  base* 
ment  membrane ;  b,  epithelium  composed  of  secreting  nucleated  ceUs ;  e, 
layer  of  capillary  blood-vessels  (Sharpey). 
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Varieties. — Serous  membranes  are  of  two  principal  kinds  :  itt. 
Those  which  line  visceral  cavities, — the  arachnoid,  pericardium, 
plenne,  peritoneum,  and  tunica)  vaginales.  2n€L  The  synovial 
membranes  lining  the  joints,  and  the  sheaths  of  tendons  and 
ligaments,  with  which,  also,  are  usually  included  the  synovial 
bursse,  or  hursce  mucoscBy  whether  these  be  subcutaneous,  or 
situated  beneath  tendons  that  glide  over  bones. 

The  serous  membranes  form  closed  sacs,  and  exist  wherever 
the  free  surfaces  of  viscera  come  into  contact  with  each  other  or 
lie  in  cavities  imattached  to  surrounding  parts.  The  viscera 
invested  by  a  serous  membrane  are,  as  it  were,  pressed  into  the 
shut  sac  wliich  it  forms,  carrying  before  them  a  portion  of  the 
membrane,  which  serves  as  their  investment  To  the  law  that 
serous  membranes  form  shut  sacs,  there  is,  in  the  hiunan  subject^ 
one  exception,  viz. :  the  opening  of  the  Fallopian  tubes  into  the 
abdominal  cavity, — an  arrangement  which  exists  in  man  and  all 
Vertebrata,  with  the  exception  of  a  few  fishes. 

Functions. — The  principal  purpose  of  the  serous  and  synovial 
membranes  is  to  furnish  a  smooth,  moist  siuface,  to  facilitate  the 
movements  of  the  invested  organ,  and  to  prevent  the  injurious 
effects  of  friction.  This  purpose  is  especially  manifested  in  joints, 
in  which  free  and  extensive  movements  take  place ;  and  in  the 
stomach  and  intestines,  which,  from  the  varying  quantity  and 
movements  of  their  contents,  are  in  almost  constant  motion  upon 
one  another  and  the  walls  of  the  abdomen. 

Serous  Fluid. — The  fluid  secreted  from  the  free  surface  of  the 
serous  membranes  is,  in  health,  rarely  more  than  sufficient  to  ensure 
the  maintenance  of  their  moisture.     The  opposed  surfaces  of  each 
serous  sac  are  at  every  point  in  contact  with  each  other,  and  leave 
no  space  in  which  fluid  can  collect    After  death,  a  larger  quantity 
of  fluid  is  usually  found  in  each  serous  sac ;  but  tliis,  if  not  th0 
product  of  manifest  disease,  is  probably  such  as  has  transudecS- 
after  death,  or  in  the  last  hours  of  life.     An  excess  of  such  fluid  ii^^ 
any  of  the  serous  sacs  constitutes  dropsy  of  the  sac. 

The  fluid  naturally  secreted  by  the  serous  membranes  appear^ 
to   bo   identical,   in  general   and  chemical   characters,  with  thc^ 
scrum  of  the  blood,  or  with  very  dilute  liquor  sanguinis.     It  10 
of  a  pale  yellow  or  straw-colour,  slightly  viscid,  alkaline,  and,  on 
account  of  the  presence  of  albumin,  coagulable  by  heat      Thi^ 
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similarity  of  the  serous  fluid  to  the  liquid  part  of  blood,  and  ta 
the  fluid  urith  which  most  animal  tissues  are  moistened,  renders  it 
probable  that  it  is,  in  great  measure,  separated  by  simple  transu- 
dation through  the  walls  of  the  blood-vessels.  The  probability  is 
increased  by  the  fact  that,  in  jaimdice,  the  fluid  in  the  serous 
sacs  is,  equally  with  the  serum  of  the  blood,  coloured  with  the 
bile.  But  there  is  reason  for  supposing  that  the  fluid  of  the 
cerebral  ventricles  and  of  the  arachnoid  sac  are  exce{)tions  to 
this  rule  ;  for  they  differ  from  the  fluids  of  the  other  serous  sacs 
not  only  in  being  pellucid,  colourless,  and  of  much  less  specific 
gravity,  but  in  that  they  seldom  receive  the  tinge  of  bile  when 
present  in  the  blood,  and  are  not  coloured  by  madder,  or  other 
similar  substances  introduced  abimdantly  into  the  blood. 

Sirnovial  Fluid. — It  is  also  probable  that  the  formation  of 
synovial  fluid  is  a  process  of  more  genuine  and  elaborate  secretion, 
by  means  of  the  epithelial  cells  on  the  surface  of  the  membrane, 
and  especially  of  those  which  are  accumulated  on  the  edges  and  pro- 
cesses of  the  synovial  fringes ;  for,  in  its  peculiar  density,  viscidity, 
and  abundance  of  albumin,  synovia  differs  alike  from  the  serum  of 
blood  and  from  the  fluid  of  any  of  the  serous  cavities. 

MnooiiB  Membranes. — The  miicous  membranes  line  all  those 

passages  by  which  internal  parts  communicate  with  the  exterior, 

and  by  which  either  matters  are  eliminated  from  the  body  or 

foreign  substances  taken  into  it.     They  are  soft  and  velvety,  and 

extremely  vascular.     The  external  surfaces  of  mucous  membranes 

are  attached  to  various  other  tissues  ;  in  the  tongue,  for  example, 

to  muscle  ;  on  cartilaginous  parts,  to  perichondrium ;  in  the  cells 

oT  the  ethmoid  bone,  in  the  frontal  and  sphenoidal  sinuses,  as  well 

<^3  in  the  tympanum,  to  periosteum ;  in  the  intestinal  canal,  it  is 

^^ounected  with  a  firm  submucous  membrane,  which  on  its  exterior 

ffi'ves  attachment  to  the  fibres  of  the  muscular  coat 

^Varieties- — The  mucous  membranes  are  described  as  lining 

^^rtain  principal  tracts — Gastro-Pulmonary  and  Genito-Urinaiy ; 

^*^«  former  being  subdivided  into  the  Digestive  and  Respiratory 

^*^^ct8.     I.  The  Digestive  tract  commences  in  the  cavity  of  the 

^^nth,  from  which   prolongations  pass   into  the   ducts   of  the 

•^vaiy  glands.     From  the  mouth  it  passes  through  the  fauces, 

1P*^*Uyiix,  and  oesophagus,  to  the  stomach,  and  is  thence  continued 
•*<^  the  whole  tract  of  the  intestinal  canal  to  the  termination 
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of  the  rectum,  being  in  its  course  arranged  in  the  various  folds 
and  depressions  abready  described,  and  prolonged  into  the  ducts 
of  the  intestinal  glands,  the  pancreas  and  liver,  and  into  the  gall- 
bladder.  2.  The  Respiratory  tract  includes  the  mucous  membrane 
lining  the  cavity  of  the  nose,  and  the  various  sinuses  communi- 
cating with  it,  the  lachrymal  canal  and  sac,  the  conjunctiva  of 
the  eye  and  eyelids,  and  the  prolongation  which  passes  along 
the  Eustachian  tubes  and  lines  the  tympanum  and  the  inner 
siufaco  of  the  mcmbrana  tympanL  Crossing  the  pharynx,  and 
lining  tliat  part  of  it  which  is  above  the  soft  palate,  the  respi- 
ratoiy  tract  leads  into  the  glottis,  whence  it  is  continued,  through 
the  larynx  and  trachea,  to  the  bronchi  and  their  divisions,  which 
it  lines  as  fiu*  as  the  branches  of  about  -^^  of  an  inch  in  diameter, 
and  continuous  with  it  is  a  layer  of  delicate  epithelial  membrane 
which  extends  into  the  pulmonary  cells.  3.  The  Genito-urinary 
tract,  which  lines  the  whole  of  the  urinary  passages,  from  their 
external  orifice  to  the  termination  of  the  tubuli  uriniferi  of  the 
kidneys,  extends  also  into  the  organs  of  generation  in  both  sexes, 
and  into  the  ducts  of  the  glands  connected  with  them ;  and  in  the 
female  becomes  continuous  with  the  serous  membrane  of  the 
abdomen  at  the  fimbria)  of  the  Fallopian  tubes. 

Structure. — Along  each  of  the  above  tracts,  and  ia  dififerent 
portions  of  each  of  them,  the  mucous  membrane  presents  certain 
structural  peculiarities  adapted  to  the  functions  which  each  part 
has  to  discharge ;  yet  in  some  essential  characters  mucous  mem- 
brane is  the  same,  from  whatever  part  it  is  obtained.  In  all  the 
principal  and  larger  parts  of  the  several  tracts,  it  presents,  as  juBt 
remarked,  an  external  layer  of  epithelium,  situated  upon  basenuti^' 
TaemhraiUj  and  beneath  this,  a  stratum  of  vascular  tissue  of 
able  thickness,  containing  lymphatic  vessels  and  nerves  which 
different  cases  presents  either  out-growths  in  the  form  of  papill^-^ 
and  villi,  or  depressions  or  involutions  in  the  form  of  glands.  B>  '^ 
in  the  prolongations  of  the  tracts,  where  they  pass  into  gl 
ducts,  these  constituents  are  reduced  in  the  finest  branches  of  t 
ducts  to  the  epithelium,  the  primary  or  basement-membrane, 
the  capillary  blood-vessels  spread  over  the  outer  surface  of  t 
latter  in  a  single  layer. 

The  primary  or  basement-membrane  is  a  thin  transparent  lay^^ 
simple,  homogeneous,  or  composed  of  endothelial  cells.     In  tl^ 


CHAP.  XII.]  SECRETING    GLANDS.  389 

minuter  diyisions  of  the  mucous  membranes,  and  in  the  ducts  of 
glands,  it  is  the  layer  continuous  and  correspondent  with  this 
basement-membrane  that  forms  the  proper  walls  of  the  tubes. 
The  cells  also  which,  lining  the  larger  and  coarser  mucous  mem- 
branes, constitute  their  epithelium,  are  continuous  with,  and  often 
similar  to  those  which,  lining  the  gland-ducts,  are  called  gland- 
edU,  No  certain  distinction  can  be  drawn  between  the  epithelium- 
cells  of  mucous  membranes  and  gland-cells.  It  thus  appears,  that 
the  tissues  essential  to  the  production  of  a  secretion  are,  in  their 
simplest  form,  a  membrane,  having  on  one  surface  blood-vessels, 
and  on  the  other  a  layer  of  cells,  which  may  be  called  either 
epithelium-cells  or  gland-cells. 

Mncus. — From  all  mucous  membranes  there  is  secreted  either 
from  the  surface  or  from  certain  special  glands,  or  from  both,  a 
more  or  less  viscid,  greyish,  or  semi-transparent  fluid,  of  alkaline 
reaction  and  high  specific  gravity,  named  mucus.  It  mixes  im- 
perfectly with  water,  but,  rapidly  absorbing  liquid,  it  swells  con- 
siderably when  water  is  added.  Under  the  microscope  it  is  foimd 
to  contain  epithelium  and  leucocytes.  It  is  found  to  be  made  up, 
chemically,  of  a  nitrogenous  principle  called  mucin,  which  forms 
its  chief  bulk,  of  a  little  albumin,  of  salts,  chiefly  chlorides  and 
phosphates,  and  water  with  traces  of  fats  and  extractives. 

Seoreting  Glands. — The  structiu-e  of  the  elementary  portions 

of  a  secreting  apparatus,  namely  epithelium,  simple  membrane, 

and  blood-vessels,  having  been  already  described  in  this  and 

pirevioos  chapters,  we  may  proceed  to  consider  the  manner  in 

which  they  are  arranged  to  form  the  varieties  of  secreting  glands^ 

The  secreting  glands  are  the  organs  to  which  the  function  of 
secretion  is  more   especially  ascribed :    for  they  appear  to  be 
occupied  with  it  alone.     They  present,  amid  manifold  diversities 
of  form  and  composition,  a  general  plan  of  structure,  by  which 
^ey  are  distinguished  from  all  other  textures  of  the  body ;  espe- 
cially, all  contain,  and  appear  constructed  with  particular  regard 
^>  the  arrangement  of  the  cells,  which,  as  already  expressed, 
^^^^  line  their  tubes  or  cavities  as  an  epitheliiun,  and  elaborate, 
^  secreting  cells,  the  substances  to  be  discharged  from  them, 
^^l^nds  are  provided  also  with  lymphatic  vessels  and  nerve&     The 
^^^tribation  of  the  former  is  not  peculiar,  and  need  not  be  here 
^^^HiderecL    Nerve-fibres  are  distributed  both  to  the  blood-vessels 
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and  to  ita  ducta;  and,  in  sodog  glands,  to  the  aecret- 
>  {p.  278). 

s. — I.  The  simple  tubule,  or  tubular  gland  (a,  fig.  194), 
'  which  are  furnished  hj  some   mucous  glands,  the 
Litibcrkiihn   (fig.    162),  and   tho    tubular   ginnda    of 
1.     These   appefir  to   bs   simple  tubul.ir  depressions 
us  rocmbraue,  the  wall  of  which  is  formed  of  primary 
ind  is  lined  with  secreting  cells  arrauged  aa  an  epitho- 
tho  some  claaa  may  he  referred  the   elongated   and 
loriferoua  glands. 

<a\xDA  tubular  glands  (d,  fig.  194),  form  another  divisiou. 
at  of  main  gliind-tubca,  which  divide  and  sub-divide. 

may  consiijt  of  tho  sabdivisions  of  one  or  more  main 
e  ultinaatc   subdivisions   of  the   tubes  are   geuorally 
oluted.     They  are  formed  of  a  basemcat-mombrano, 
thelium  of  varioua  forma.     The  larger  tubes  may  have 
coating  of  fibrous,  areolar,  or  muscular  tissue.     The 
s,  sahvaty  glands,  panereaa,  Bruuuer'a  glauds  with  the 
md  mammary  glands  and   some    mucouB   glaaids  arc 
this  tj-pe,  but  present  more  or  less  marked  variations 

VARIETIEB   OP   GLANDS. 


branches,  and  at  length,  by  one  commoa  trunk,  open  on  a.  free 
6ui&ce  of  membrauo. 


Among   thcM  Torieties  of  structure,  all  the  secreting  glands 
are  alike  in  some  essential  points,  besides  those  which  they  have 


■  Fig,  194,  Plans  of  extennon  of  oecreting  membiwie  by  ii 
cemon  in  form  of  carities.  A,  simple  gkndt,  viz. ,  g,  stnight  tuba ;  A,  wc ; 
t,  coilBd  tnb«.  B,  moltilocul&r  crypts  ;  k,  of  tabnUr  fonn  ;  I,  saccular.  C, 
nctmoM,  or  laccnlar  compound  gland ;  m,  entirs  gland,  (bowing  brancheit 
duet  and  lobular  atmctnre  ;  n,  a  lobule,  detached  with  0,  branch  of  dnct  pro- 
ceeding from  it.    D,  coroponnil  tabolai  gland  (Sbtrpey). 
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in  common  with  all  truly  secreting  structures.  They  agree  in 
presenting  a  lai^e  extent  of  secreting  surface  within  a  compara- 
tively small  space  ;  in  the  circumstance  that  while  one  end  of  the 
gland-duct  opens  on  a  free  surface^  the  opposite  end  is  always 
<2losed,  having  no  direct  communication  with  blood-vessels,  or  any 
other  canal ;  and  in  an  uniform  arrangement  of  capillary  blood- 
vessels, ramifying  and  forming  a  network  around  the  walls  and  in 
the  mterstices  of  the  ducts  and  acini 

Process  of  Secretion. — In  secretion  two  distinct  processes 
are  concerned  which  may  be  spoken  of  as  physical  and  chemical. 

I.  Phydcal  processes. — These  are  such  as  can  be  closely  imitated 
in  the  laboratory,  inasmuch  as  they  consist  in  the  operation  of 
well-known  physical  laws  :  they  are — 

(a)  Filtration,     {h)  Diffusion. 

(a)  Filtration  is  simply  the  passage  of  a  fluid  through  a  porous 
membrane  under  the  influence  of  pressure.  If  two  fluids  be 
separated  by  a  porous  membrane,  and  the  pressure  on  one  side 
is  greater  than  on  the  other,  it  is  evident  that  in  the  absence  of 
counteracting  osmotic  influences  (see  below)  there  will  be  a 
filtration  through  the  membrane  until  the  pressure  on  the  two 
sides  is  equalized.  Of  course  there  may  only  be  fluid  on  one  side 
of  the  membrane,  as  in  the  ordinary  process  of  filtering  through 
blotting-paper,  and  then  the  filtration  will  continue  as  long  as  the 
pressure  (in  this  case  the  weight  of  the  fluid)  is  sufficient  to  force 
it  through  the  pores  of  the  filter. 

The  necessary  inequality  of  pressure  may  be  obtained  either 
by  diminishing  it  on  one  side,  as  in  the  case  of  cupping ;  oir 
increasing  it  on  the  other,  as  in  the  case  of  the  increased  blood-- 
pressure  and  consequent  increased  flow  of  urine  resulting  frooB 
copious  drinking. 

By  filtration,  not  merely  water  but  various  salts  in  solution  majr 
transude  from  the  blood-vessels. 

(6)  Diffusion  is  the  passage  of  fluids  through  a  moist  ftnimitl 
membrane  independent  of  pressure,  and  sometimes  actually  in. 
opposition  to  it  (For  a  full  account  of  the  process,  see  Chapter 
on  Absorption.) 

There  must  always  be  in  this  process  two  fluids  differing  in 
composition,  one  or  both  possessing  an  affinity  for  the  intervening 
membrane,  and  the  fluids  capable  of  being  mixed  one  with  the 
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other;  the  osmotio  current  continuing  in  each  direction  (when 
both  fluids  have  an  affinity  for  the  membrane)  until  the  chemical 
oompofiition  of  the  fluid  on  each  side  of  the  septum  becomes  the 
sama 

It  seems  probable  that  some  fluids^  such  as  the  secretions  of 
serous  membranes,  are  simply  exudations  or  oozings  (filtration) 
from  the  blood-vessels,  whose  qualities  are  determined  by  those  of 
the  liquor  sanguinis,  while  the  i][uantities  are  liable  to  variation, 
and  are  chiefly  dependent  upon  the  blood-pressure. 

2.  Chemical  processes. — These  constitute  the  process  of  secretion 
properly  so-called  as  distinguished  from  mere  transudation  spoken 
of  above.  In  the  chemical  process  of  secretion  various  materials 
which  do  not  exist  as  such  in  the  blood  are  elaborated  by  the 
agency  of  the  gland-cells  from  the  blood,  or,  to  speak  more  accu- 
rately, from  the  plasma  which  exudes  frt>m  the  blood-vessels  into 
the  interstices  of  the  gland-textures. 

The  best  evidence  for  this  view  is :  ist.  That  cells  and  nuclei 
^U!e  constituents  of  all  glands,  however  diverse  their  outer  forms 
^uid  other  characters,  and  are  in  all  glands  placed  on  the  surface 
or  in  the  cavity  whence  the  secretion  is  poured.  2nd,  That  many 
0<ficretion8  which  are  visible  with  the  microscope  may  be  seen  in 
cells  of  their  glands  before  they  are  discharged.  Thus,  bile 
be  often  discerned  by  its  yellow  tinge  in  the  gland-cells  of 
liver ;  spermatozoids  in  the  cells  of  the  tubules  of  the  testicles ; 
S^^nles  of  uric  acid  in  those  of  the  kidneys  (of  fish)  ;  fatty  par- 
"^dflB,  like  those  of  milk,  in  the  cells  of  the  mammary  gland. 

Secreting  cells,  like  the  cells  or  other  elements  of  any  other  oi^gan, 
appear  to  develop,  grow,  and  attain  their  individual  perfection  by 
appropriating  nutriment  frt>m  the  fluid  exuded  by  adjacent  blood- 
vessels and  elaborating  it,  so  that  it  shall  form  part  of  their  own 
^lietance.    In  this  perfected  state,  the  ceUs  subsist  for  some  brief 
^^^^i  and  when  that  period  is  over  they  appear  to  dissolve,  wholly 
^  ^  part^  and  yield  their  contents  to  the  peculiar  material  of  the 
*®^^*«tioiL     And  this  appears  to  be  the  case  in  every  part  of  the 
^'^iMi  that  contains  the  appropriate  gland-cells ;  therefore  not  in 
^  extremities  of  the  ducts  or  in  the  acini  alone,  but  in  great  part 
^tlieirleiigttL 

Changes  in  the  Gland-oells  during  Secretion. — ^The  exact 
^'^^Uiods  by  which  the  materials  of  the  various  secretions  are 
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manufactured  by  the  gland-cells  are  uncertain,  but  varioiis  ex- 
tensive experiments  which  have  been  recently  performed  shed 
considerable  light  upon  the  process.  The  most  satisfactory  of  the 
investigations  refer  to  the  pancreas. 

(a)  In  the  Pancreas. — Heidenhain  has  observed  that  the  alveolar 
cells  in  the  pancreas  of  a  fasting  dog  consist  of  two  zones,  an  inner 
or  central  zone  which  is  finely  granular,  and  which  stains  feebly 
and  a  smaller  parietal  zone  of  finely  striated  protoplasm  which 
stains  easily.  The  nucleus  is  partly  in  one,  partly  in  the  other 
zone.  During  digestion,  it  is  found  that  the  outer  zone  increases 
in  size,  and  the  central  zone  diminishes ;  the  cell  itself,  becoming 
smaller  from  the  discharge  of  the  secretion.  At  the  end  of  digestion 
the  first  condition  again  appears,  the  inner  zone  enlarging  at  the 
expense  of  the  outer.  From  this  it  appears  that  the  granules  are 
formed  from  the  protoplasm  of  the  cells,  which  is  itself  made  and 
renewed  from  the  blood.  The  granules  have  been  shown  to  be  not 
the  ferment  itself,  but  material  from  which  under  certain  condi- 
tions the  ferments  arc  made,  and  therefore  called  Zymogen.  So 
we  see  zymogen  is  manufactured  in  the  cell  gradually  out  of  the 
materials  brought  to  it  by  the  blood,  and  is  principally  stored  in 
the  central  portion  of  the  cells,  whereas  its  conversion  into  the 
ferment  is  the  real  act  of  secretion,  and  only  occurs  occasionally. 
This  part  of  the  act  of  secretion  is  what  is  brought  about  by 
nervous  influence. 

(6)  In  the  Stomach, — From  obsen'ations  somew^hat  similar  to  the 
above,  it  is  inferred  that  pepsin  is  manufactured  by  the  gastric 
central  cells,  both  in  the  peptic  and  pyloric  glands  mostly  dining 
digestion,  or  on  nervous  stimulation,  but  to  a  lesser  extent  during 
rest. 

(c)  In  the  Salivary  Glands, — It  has  been  already  seen  that 
during  rest  the  cells  of  a  mucus-secreting  gland  become  filled  with 
a  substance,  m7ici{/en,  which  docs  not  stain  readily ;  on  stimulation 
of  the  chorda  tympani  the  cells  are  found  to  become  smaller  and 
to  stain  readily.  It  is  inferred  that  the  nervous  stimulation  causes 
discharge  of  the  mucigen,  or  its  conversion  into  mucin,  and  then 
discharge  of  the  cell-contents.  In  the  true  salivary  glands  the 
same  events  happen  on  stimulation  of  the  sympathetic,  but  the 
material  which  is  collected  in  the  cells  is  not  readily  discharged. 
It  has  been  before  pointed  out  that  although  the  mucous  cells  are 
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not  destroyed  with  each  discharge  of  secretion,  that  after  pro- 
longed nervous  stimulation,  or  gradually  under  normal  circum- 
stances, they  may  be  broken  up,  and  that  their  place  is  then  taken 
by  the  young  cells  forming  the  semilunes  of  Heidenhain. 

(d)  Liver. — It  is  extremely  probable  that  the  liver-cells,  by  a 
laborious  process,  both  manufactiu'e  (or  at  any  rate  elaborate)  the 
materials  of  the  bile,  and  also  by  their  activity  have  great  in- 
fluence in  making  new  compounds  out  of  those  brought  to  them 
by  the  blood. 

Disoharge  of  SeoretionB  from  glands  may  take  place  as  soon 
as  they  are  formed ;  or  the  secretion  may  be  long  retained  within 
the  gland  or  its  ducts.  The  secretions  of  glands  which  arc  con- 
tinually in  active  function  for  the  purification  of  the  blood,  such 
as  the  kidneys,  are  generally  discharged  from  the  gland  as  rapidly 
as  they  ore  formed.  But  the  secretions  of  those  whose  activity  of 
function  is  only  occasional  are  usually  retained,  as  we  have  seen 
above,  in  the  cells  in  an  undeveloped  form  during  the  periods  of 
the  gland's  inaction.  And  there  are  glands  which  are  like  both 
these  classes,  such  as  the  lachrymal,  which  constantly  secrete 
Binall  portions  of  fluid,  and  on  occasions  of  greater  excitement 
diachaige  it  more  abundantly. 

When  discharged  into  the  ducts,  the  further  course  of  secre^ 
tions  is  affected  partly  by  the  pressiu'e  from  behind ;  the  fresh 
quantities  of  secretion  propelling  those  that  were  formed  before. 
In  the  larger  ducts,  its  propukion  is  assisted  by  the  contraction 
of  their  walls.  All  the  larger  ducts,  such  as  the  ureter  and 
common  bile-duct,  possess  in  their  coats  plain  muscular  fibres ; 
they  contract  when  irritated,  and  sometimes  manifest  peristaltic 
movements.  Bernard  and  Brown-S6quard,  indeed,  have  observed 
rhythmic  contractions  in  the  pancreatic  and  bile-ducts,  and  also  in 
the  ureters  and  vasa  deferentia.  It  is  probable  that  the  contrac- 
tile power  extends  along  the  ducts  to  a  considerable  distance 
within  the  substance  of  the  glands  whose  secretions  can  be 
rapidly  expelled.  Saliva  and  milk,  for  instance,  are  sometimes 
ejected  with  much  force ;  doubtless  by  the  energetic  and  simul- 
taneous contraction  of  many  of  the  ducts  of  their  respective 
glands.  The  contraction  of  the  ducts  can  only  expel  the  fluid 
they  contain  through  their  main  trunk ;  for  at  their  opposite  ends 
all  the  ducts  are  dosed. 
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Cironmstaiioes  Influencing  Seoretion. — Having  elsewhere 
touched  upon  the  principal  circumstances  which  influence  secre- 
tion, it  will  be  necessary  here  to  give  a  short  sununary  of  them. 
The  influence  is  manifested  chiefly  in  alterations  of  the  quantity 
of  secretion ;  and  among  the  principal  of  these  conditions  are  (i) 
variations  in  the  quantity  of  blood,  (2)  in  the  quantity  of  the 
peculiar  materials  for  any  secretion  that  it  may  contain,  and  (3) 
in  the  conditions  of  the  nerves  of  the  glands. 

(i.)  An  increase  in  the  quantity  of  blood  traversing  a  gUmdy  as 
in  nearly  all  the  instances  before  quoted,  coincides  generally  with 
an  augmentation  of  its  secretion.  Thus,  the  mucous  membrane  of 
the  stomach  becomes  florid  when,  on  the  introduction  of  food,  its 
glands  begin  to  secrete  ;  the  mammary  gland  becomes  much  more 
vascular  during  lactation ;  and  all  circumstances  which  give  rise 
to  an  increase  in  the  quantity  of  material  secreted  by  an  organ, 
produce,  coincidently,  an  increased  supply  of  blood ;  but  we  have 
seen  that  a  temporary  discharge  of  saliva  may  occur  under  extra- 
ordinary circumstances,  without  increase  of  blood-supply  (p.  281), 
and  so  it  may  be  inferred  that  this  condition  of  increased  blood- 
supply  is  not  absolutely  essentiaL 

(2.)  When  the  blood  contains  more  than  usual  of  the  materials 
they  are  designed  to  separate  or  elaborate.  Thus,  when  an  excess 
of  nitrogenous  waste  is  in  the  blood,  whether  fix)m  excessive  exer- 
cise, or  from  destruction  of  one  kidney,  a  healthy  kidney  will 
excrete  more  urea  than  it  did  before. 

(3.)  Influence  of  the  Nerwms  System  on  Secretion, — ^We  have  seen 
that  the  process  of  secretion  is  lai^gely  influenced  by  the  condition 
of  the  nervous  system. 

The  exact  mode  in  which  the  nervous  system  influences  secre- 
tion must  still  be  regarded  as  somewhat  obscure.  In  part,  it 
exerts  its  influence  by  increasing  or  diminishing  the  quantity  of 
blood  supplied  to  the  secreting  gland,  in  virtue  of  the  power  which 
it  exercises  over  the  contractility  of  the  smaller  blood-vessels; 
while  it  also  has  a  more  direct  influence,  as  was  demonstrated  at 
length  in  the  case  of  the  submaxillary  gland,  upon  the  secreting 
cells  themselves ;  this  may  be  called  trophic  influence.  Its  influence 
over  secretion,  as  well  as  over  other  functions  of  the  body,  may  be 
excited  by  causes  acting  directly  upon  the  nervous  centres,  upon 
the  nerves  going  to  the  secreting  organ,  or  upon  the  nerves  of 
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other  parts.  In  the  latter  case,  a  reflex  action  is  produced :  thus 
the  impression  produced  upon  the  nervous  centres  by  the  contact 
of  food  in  the  mouth,  is  reflected  upon  the  nerves  supplying  the 
salivary  glands,  and  produces,  through  these,  a  more  abundant 
secretion  of  saliva  (p.  279). 

Through  the  nerves,  various  conditions  of  the  brain  also  influ- 
ence the  secretions.  Thus,  the  thought  of  food  may  be  sufficient 
to  excite  an  abimdant  flow  of  saliva.  And,  probably,  it  is  the 
mental  state  which  excites  the  abundant  secretion  of  urine  in 
hysterical  paroxysms,  as  well  as  the  perspirations  and,  occasion- 
ally, diarrhaja,  which  ensue  under  the  influence  of  terror,  and 
the  tears  excited  by  sorrow  or  excess  of  joy.  The  quality  of  a 
secretion  may  also  be  afiected  by  the  mind ;  as  in  the  cases  in 
which,  through  grief  or  passion,  the  secretion  of  milk  is  altered, 
and  is  some  times  so  changed  as  to  produce  irritation  in  the 
alimentary  canal  of  the  child,  or  even  death  (Carpenter). 

Belations  between  the  Secretions. — The  secretions  of  some 
of  the  glands  seem  to  bear  a  certain  relation  or  antagonism  to 
each  other,  by  which  an  increased  activity  of  one  is  usually  fol- 
lowed by  diminished  activity  of  one  or  more  of  the  others ;  and  a 
deranged  condition  of  one  is  apt  to  entail  a  disordered  state  in  the 
others.  Such  relations  appear  to  exist  among  the  various  mucous 
membranes :  and  the  close  relation  between  the  secretion  of  the 
kidney  and  that  of  the  skin  is  f^subject  of  constant  observation. 


CHAPTER    XIII. 

THE  VASCULAR   GLANDS;    OR   GLANDS   WITHOUT    DUCTS. 

The  materials  separated  from  the  blood  by  the  ordinary 
process  of  secretion  in  glands,  are  always  discharged  from  the 
organ  in  which  they  are  formed,  and  either  straightway  expelled 
from  the  body,  or  if  they  are  again  received  into  the  blood,  it  is 
only  after  they  have  been  altered  from  their  original  condition, 
as  in  the  cases  of  the  saliva  and  bile.  There  appears,  however, 
to  be  a  modification  of  the  process  of  secretion,  in  which  certain 
materials  are  abstracted  from  the  blood,  undergo  some  change, 
and  are  added  to  the  lymph  or  restored  to  the  blood,  without 
being  previously  discharged  from  the  secreting  organ,  or  made 
use  of  for  any  secondary  purpose.  The  bodies  in  which  this 
modified  form  of  secretion  takes  place,  are  usually  described  as 
vasculaf  glands,  or  glands  without  ducts,  and  include  the  spleen, 
the  thymus  and  thyroid  glands,  the  supra-renal  capsules,  and, 
according  to  Qilstcrlin  and  Ecker  and  Gull,  the  pineal  gland  and 
pituitary  body  ;  possibly,  also,  the  tonsils. 

The  solitary  and  agminate  glands  (Peyer's)  of  the  intestine 
(p.  315),  and  lymph-glands  in  general,  also  closely  resemble  them; 
indeed,  both  in  structure  and  function,  the  vascular  glands  bear  a 
close  relation,  on  the  one  hand,  to  the  true  secreting  glands,  and 
on  the  other,  to  the  lymphatic  glands. 

The  evidence  in  fiivour  of  the  view  that  these  organs  exercise 
a  function  analogous  to  that  of  secreting  glands,  has  been 
chiefly  obtained  from  investigations  into  their  structure,  which 
have  shown  that  most  of  the  glands  without  ducts  contain  the 
same  essential  structures  as  the  secreting  glands,  except  the 
ducts.  They  are  mainly  composed  of  vesicles,  or  sacculi,  either 
simple  and  closed,  as  in  the  thyroid,  and  supra-renal  capsules, 
or  variously  branched,  and  with  the  cavities  of  the  several 
branches  communicating  in  and  by  common  canals,  as  in  the 
thymus.  These  vesicles,  like  the  acini  of  secreting  glands, 
are  foi-med  of  a  delicate  homogeneous  membrane,  are  sur- 
rounded with  and  often  traversed  by  a  vascular  plexus,  and  are 
filled  with  finely  molecular  albuminous  fluid,  suspended  in  which 
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are  cither  granules  of  fat,  or  cytoblasts,  or  nuclei,  or  nucleated 
cells,  or  a  mixture  of  all  these. 

Structure  of  the  Spleen. — The  spleen  is  covered  externally 
almost  completely  by  a  serous  coat  derived  from  the  peritoneum, 
while  within  this  is  the  proper  fibrous  coat  or  capsule  of  the 
organ.  The  latter,  composed  of  connective  tissue,  with  a  large 
preponderance  of  elastic  fibres,  and  a  certain  proportion  of  non- 
striated  muscular  tissue,  forms  the  immediate  investment  of  the 
spleen.  Prolonged  from  its.  inner  surface  are  fibrous  processes 
or  trabecidce,  which  enter  the  interior  of  the  organ,  and,  dividing 
and  anastomosing  in  all  parts,  form  a  kind  of  supporting  frame- 
work or  stroma,  in  the  interstices  of  which  the  proper  substance 
of  the  spleen  (spleen-pulp)  is  contained  (fig.  195).  At  the  hilus  of 
the  spleen,  or  the  part  at  which  the  blood-vessels,  nerves,  and 
lymphatics  enter,  the  fibrous  coat  is  prolonged  into  the  spleen- 
substance  in  the  form  of  investing  sheaths  for  the  arteries  and 
veins,  which  sheaths  again  are  connected  with  the  trabecuUe  before 
referred  to. 

^he  spleen-pulp,  which  is  a  dark  red  or  reddish-brown  colour, 
is  composed  chiefly  of  cells.  Of  these,  some  are  granular  corpus- 
cles resembling  the  lymph-corpuscles,  both  in  general  appearance 
and  in  being  able  to  perform  amosboid  movements ;  others  are 
red  blood-corpuscles  of  normal  appearance  or  variously  changed ; 
w^hile  there  are  also  large  cells  containing  either  a  pigment  allied 
to  the  colouring  matter  of  the  blood,  or  rounded  corpuscles  like 
red  blood-cells. 

The  splenic  artery,  which  enters  the  spleen  by  its  concave 
surface  or  hilus,  divides  and  subdivides,  with  but  little  anastomosis 
between  its  branches,  in  the  midst  of  the  spleen-pulp,  at  the 
same  time  that  its  branches  are  sheathed,  as  before  said,  by  the 
fibrous  coat,  which  they,  so  to  speak,  carry  into  the  spleen  with 
them.  Ending  in  capillaries,  they  either  communicate,  as  in 
other  parts  of  the  body,  with  the  radicles  of  the  veins,  or  end  in 
lacunar  spaces  in  the  spleen-pulp,  from  which  veins  arise  (Gray). 

The  walls  of  the  smaller  veins  are  more  or  less  incomplete,  and 
readily  allow  lymphoid  corpuscles  to  be  swept  into  the  blood- 
current. 

**  The  blood  traverses  the  network  of  the  pulp,  and  interstices 
of  the  lymphoid  cells  contained  m  the  latter,  in  the  same  manner 
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filnoufl  and  muBcular  tissue  of  its  capsule  and  trabeculee,  nhicb 
forms  an  mvestment  and  support  for  the  pulpy  mass  within. 

On  the  face  of  a  section  of  the  spleen  can  be  usually  seen, 
readily  with  the  naked  eye,  minute,  scattered  rounded  or  oval 
whitish  spots,  mostly  from  ^  to  ^^  inch  in  diameter.  These  are 
the  Malpiffhian  corpusela  of  the  spleen,  and  are  situated  on  the 
sheaths  of  the  minute  splenic  arteries,  of  which,  indeed,  they  may 
be  stud  to  be  outgrowths  (fig.  195).  For  while  the  sheaths  of 
the  larger  arteries  are  constructed  of  ordinary  conoective  tissue, 
this  has  become  modified  where  it  forms  an  investment  for  the 
Bmaller  veBsels,  so  as  to  be  a  fine  rctiform  tissue,  with  abundance 
of  corpuscles,  like  lymph-corpuscles,  contained  in  its  meshes,  and 
the    Malpighian   corpuscles  are   but  small  outgrowths  of   this 

Fig.  196.* 


•J^ojCiow*  or  cell-bearing  connective  tissue.  They  are  composed 
"^  cjlindrical  masses  of  corpuscles,  intersected  in  all  parts  by  a 
"Wte  fibrillar  tissue,  which  though  it  invests  the  Malpighian 


*  Kg.  196.  Transrerse  Boctiou  of  a  lobule  of  an  injected  infantile  thymtis 
^Nd  N  30.  a,  Capinle  of  connectire-tiaaue  aurraimding  tke  lobule. 
i  Xtabnne  of  the  glandolu  vesicles,  c.  Cavity  of  the  lobule,  from  which 
AaingBrblood-veawk  are  leen  to  extend  towards  and  ni]aif]r  in  the  splie'- 
tM  Bum  of  tlM  lobule  (KiiUiker]. 
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Fig.  197.* 


bodies,  docs  not  form  a.  complete  capaule.  Blood-capillariea 
traverse  tbo  Malpighian  corpuscles  and  form  a  plexus  id  their 
interior.  The  structure  of  a  Malpighian  corpuscle  of  the  spleen 
is,  therefore,  very  similar  to  that  of  lymphatic-gland  substance 
{p.  362). 

Structure  of  the  Thymus  gland. — The  gland  is  surrounded 
by  a  fibrouD  capsule  which  sends  in  processes,  forming  trabeeuUe, 
which  divide  the  gland  into  lobes,  and  carry  the  blood  and 
lymph-vessels.  The  large  trabeculoj  branch  into  small  ones, 
which  divide  the  lobes  into  lobnles.  The  gland  is  encased  in  a 
fold  of  the  pleura.  The  lobules  are  further 
subdivided  into  follicles  by  fine  coDuoctivi.' 
tissue.  A  follicle  is  more  or  less  polyhedral 
■^K^iSri---  '"  ^'^^P^i  ^^^  couBtsts  of  cortical  and   me- 

Jt^aSrS^Si^'  dullary  portions,  the  structure  of  both  being 
Ai^M9&k  i^B*  of  adenoid  tissue,  but  in  the  medullary  portion 
the  matrix  is  coarser,  and  is  not  so  filled  up 
with  lymphoid  corpuscles  as  iu  the  cortei. 
Scattered  in  the  adenoid  tissue  of  the  me- 
dulla arc  the  concfntric  corpuscles  of  Hanall, 
which  are  protoplasmic  masses  of  variouB 
sixes,  consisting  of  a  central  nucleated  granular  centre,  surrounded 
by  flattened  nucleated  endothelial  cells.  In  the  reticulum,  es- 
pecially of  the  medulla,  are  large  transparent  giant  cells.  The 
arteries  radiate  from  the  centre  of  the  gland.  Lymph  sinuses 
may  be  seen  occasionally  surrounding  a  greater  or  smaller  portion 
of  the  periphery  of  the  follicles  (Klein).  The  nerves  are  very 
minute. 

Structure  of  the  Thyroid  gland. — The  gland  is  encased  in 
a  thin  transparent  layer  of  dense  areolar  tissue,  free  from  fat, 
containing  elastic  fibres.  This  capsule  sends  in  strong  fibrous 
trabeculiG,  which  enclose  the  thyroid  vesUla — which  are  rounded 
OF  oblong  irregular  sacs,  consisting  of  a  wall  of  thin  hyaline 
membrane  lined  by  a  single  layer  of  low  cylindrical  or  cubical 
cells.  These  vesicles  arc  filled  with  a  coagulablc  fluid  or  trans- 
pareut  colloid  material.     The  colloid  substance  increases  with  age. 


,  *  Fig.  197.  From  a  horizontalssction  tliTouglisuperficiiil  partorthctbymiu 
of  a  cair,  slightly  inngnified.  Sbovriug  in  the  centre  a  follicle  of  poljgoiul 
Hlmpe  wilh  similiiriy  shaped  foUicles  nnuid  it  (Klein  tnd  Noble  Smith). 
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and  the  cavities  appear  to  coalesce.  In  the  iutersttttal  conaective 
tissue  is  a  round  meshed  capillary  plexus  and  a  large  number  of 
lymphaticB.     The  nerves  adhere  closely  to  the  veBsels. 


Straotnre  of  ths  Supra-renal  capsule. — ^The  gland  is  sur- 
rounded by  an  outer  sheath  of  connective  tissue,  which  sometimes 
consists  of  two  layers,  sending  in  prolongations,  fonning  the  frame- 
TFork  of  the  gland.  The  gland  tissue  proper  consists  of  an  outaido 
firmer  cortical  portion,  and  an  inside  soft  dark  medullary  portion, 
(i.)  The  eorlkal  portion  is  divided  into  (a)  an  external  narrow 
layer  of  anial]  rounded  or  oval  spaces,  the  vma  (/lomeruiosa, 
made  by  the  fibrous  trabcculic,  containing  multinucleated  masses 
of  protoplasm,  the  differentiation  of  which  into  distinct  cells  can- 
not be  made  out,  (6)  A  layer  of  cells  arranged  radially,  the 
sona  fatciciitatit.  The  substance  of  this  layer  is  broken  up  into 
cylinders,  each  of  which  is  surrounded  hy  the  connective  tissue 
framework.  The  cylinders  thus  produced  are  of  three  kinds — one 
containing  an  opaque,  resistant,  highly  refracting  mass  (probably 
of  a  fatty  nature),  frequently  a  large  number  of  nuclei  arc  present; 
the  individual  colls  can  only  be  made  out  with  difficulty.     The 

■  Fig.  19S.  Vesicles  from  the  Thvroid  GUiiid  of  a  Child  (fhnn  EQIlikep) 
H  35a  a,  coDnective  ti«sne  between  the  vesicles  ;  h,  cnpsnle  of  the  vesicle* ; 
c,  their  epithelisi  lining. 
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second  variety  of  cylinders  is  of  a  brownish  colour,  containing 
finely  granular  cells,  in  which  are  fat  globules.  The  third  variety 
consists  of  grey  cylinders,  containing  a  number  of  cells  whose 
nuclei  are  filled  with  a  large  number  of  fat  granules,  (c)  The 
third  layer  of  the  cortical  portion  is  the  zona  reticularis.  This 
layer  is  apparently  formed  by  the  breaking  up  of  the  cylinders, 
the  elements  being  dispersed  and  isolated.  The  cells  are  finely 
granular,  and  have  no  deposit  of  fat  in  their  interior ;  but  in  some 
specimens  fat  may  be  present,  as  well  as  certain  large  yellow 
granules,  which  may  bo  called  pigment  granules.  (2).  The 
TYiedullary  substance  consists  of  a  coarse  rounded  or  irregular 
mesh  work  of  fibrous  tissue,  in  the  alveoli  of  which  are  majsses  of 
multinucleated  protoplasm;  numerous  blood-vessels;  and  an  abimd- 
ance  of  nervous  elements.  The  cells  are  poor  in  fat,  and  occasion- 
ally branched,  the  nerves  run  through  the  cortical  substance,  and 
anastomose  over  the  medullary  portion. 

Stniotiire  of  the  Pituitary  body. — This  body  is  a  small 
Beddish  grey  mass  occupying  the  sella  turcica  of  the  sphenoid  bone. 
It  consists  of  two  lobes — a  small  posterior  one,  consisting  of 
nervous  tissue ;  an  anterior  larger  one,  resembling  the  thyroid  in 
structure.  A  canal  lined  with  flattened  or  with  ciliated  epithe- 
lium, passes  through  the  anterior  lobe ;  it  is  connected  with  the 
iufundibulum.  The  gland  spaces  are  oval,  nearly  round  at  the 
periphery,  spherical  towards  the  centre  of  the  organ ;  they  are 
filled  with  nucleated  cells  of  various  sizes  and  shapes  not  unlike 
ganglion  cells,  collected  together  into  rounded  masses,  filling  the 
vesicles,  and  contained  in  a  semi-fluid  granular  substance.  The 
vesicles  are  enclosed  by  connective  tissue,  rich  in  capillaries. 

Structure  of  the  Pineal  gland* — This  gland,  which  is  a 
small  reddish  body,  is  placed  beneath  the  back  part  of  the  corpus 
callosum,  and  rests  upon  the  corpora  quadrigemina.  It  contains  a 
central  cavity  lined  with  ciliated  epitheliimi.  The  gland  sub- 
stance proper  is  divisible  into — (i.)  An  outer  cortical  layer, 
analogous  in  structm-e  to  the  anterior  lobe  of  the  pituitary  body; 
and  (2.)  An  inner  central  layer,  wholly  nervous.  The  cortical  layer 
consists  of  a  number  of  closed  follicles,  containing  (a)  cells  of  variable 
shape,  rounded,  elongated,  or  stellate ;  (h)  fusiform  cells.  There  is 
also  present  a  gritty  matter  {acervuhis  cerebri),  consisting  of  round 
particles  aggregated  into  small  masses.     The  central  substance 
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consists  of  white  and  grey  matter.     The  blood-vessels  are  small, 
and  fonn  a  very  delicate  capillary  plexus. 

FunotionB   of  the  Vaaoular  glands. — The  opinion   that 
the   vascular  glands   serve   for  the  higher  organization   of  the 
blood,  is  supported  by  their  being  all  especially  active   in   the 
discharge   of   their  flmctions  during  foetal   life   and  childhood, 
when,  for  the  development  and  growth  of  the  body,  the  most 
abundant   supply  •  of  highly  organized  blood  is   necessary.     The 
bulk  of  the  thymus  gland,   in  proportion  to  that  of  the  body, 
appears  to  bear  almost  a  direct  proportion  to  the  activity  of  the 
body's  development  and  growth,  and  when,  at  the  period  of 
puberty,  the  development  of  the  body  may  be  said  to  be  complete, 
the  gland  wastes,  and  finally  disappears.     The  thyroid  gland  and 
supra-renal  capsules,  also,  though  they  probably  never  cease  to  dis- 
chai^  some  ftmction,  yet  are  proportionally  much  smaller  in  child- 
hood than  in  foetal  life  and  infancy ;  and  with  the  years  advancing 
to  the  adult  period,  they  diminish  yet  more  in  proportionate  size 
and  apparent  activity  of  function.    The  spleen  more  nearly  retains 
its  proportionate  size,  and  enlarges  nearly  as  the  whole  body  does. 
The  function  of  the  vascular  glands  seems  not  essential  to  life, 
at  least  not  in  the  adult.     The  thymus  wastes  and  disappears :  no 
dgns  of  illness  attend  some  of  the  diseases  which  wholly  destroy 
the  structure  of  the  thyroid  gland  ;  and  the  spleen  has  been  often 
i^emoved  in  animals^  and  in  a  few  instances  in  men,  without  any 
evident  ill-consequence.     It  is  possible  that,  in  such  cases,  some 
compensation  for  the  loss  of  one  of  the  organs  may  be  afforded  by 
AH  increased  activity  of  function  in  those  that  remain. 

Although  the  functions  of  all  the  vascular  glands  may  be 
siisQilar,  in  so  far  as  they  may  all  alike  serve  for  the  elaboration 
axi<i  maintenance  of  the  blood,  yet  each  of  them  probably  dis- 
cli^urges  a  peculiar  office,  in  relation  either  to  the  whole  economy, 
o^  to  that  of  some  other  organ.     Respecting  the  special  office  of 
tho  thyroid  gland,  nothing  reasonable  can  be  suggested ;  nor  is 
*^^ere  any  certain  evidence  concerning  that,  of  the  supra-renal 
cftpeules.     Bergman  believed  that  they  formed  part  of  the  sym- 
pathetic nervous  system  from  the  richness  of  their  nervous  supply. 
'KoQiker  states  that  he  is  inclined  to  look  upon  the  two  parts  as 
taicUonally  distinct,  the   cortical  part  belonging  to   the   blood 
'^^iciilar  system,  and  the  medullary  to  the  nervous  system. 
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Addison's  Disease.— Mr.  J.  HutchinsoD,  and,  more  recently,  Dr. 
Wilks,  Dr.  Grecnhow,  and  others,  following  out  Dr.  Addison's  discovery, 
have,  by  the  collection  of  large  numbers  of  cases  in  which  the  supra-renal 
capsules  were  diseased,  demonstrated  most  satisfactorily  the  very  dose 
relation  subsisting  between  disease  of  these  organs  and  brown  discoloration 
of  the  skin  (Addison's  tliseasc) ;  but  the  explanation  of  this  relation  is  still 
involved  in  obscurity,  and  consequently  does  not  aid  much  in  determining 
the  functions  of  the  supra-renal  capsules. 

Respecting  the  thymus  gland,  the  observations  of  Mr.  Simon, 
confirmed  by  those  of  Friedleben  and  others,  have  shown  that  in 
the  hjbemating  animals,  in  which  it  exists  throughout  life,  as 
each  successive  period  of  hybernation  approaches,  the  thymus 
greatly  enlarges  and  becomes  laden  with  fat,  which  accumulates  in 
it  and  in  fat^glands  connected  with  it,  in  even  larger  proportions 
than  it  does  in  the  ordinary  seats  of  adipose  tissue.  Hence  it  appears 
to  serve  for  the  storing  up  of  materials  which,  being  re-absorbed  in 
inactivity  of  the  hybematiug  period,  may  maintain  the  respiration 
and  the  temperature  of  the  body  in  the  reduced  state  to  which 
they  fall  during  that  time. 

Funotions  of  the  Spleen. — With  respect  to  the  office  of  the 
spleen,  we  have  somewhat  more  definite  information,  (i.)  The 
large  size  which  it  gradually  acquires  towards  the  termination  of 
the  digestive  process,  and  the  great  increase  observed  about  this 
period  in  the  amount  of  the  finely- granular  albuminous  plasma 
within  its  parenchyma,  tmd  the  subsequent  gradual  decrease  of 
this  material,  seem  to  indicate  that  this  organ  is  concerned  in 
elaborating  the  albuminous  materials  of  food,  and  for  a  time 
storing  them  up,  to  bo  gradually  introduced  into  the  blood, 
according  to  the  demands  of  the  general  system. 

(2.)  It  seems  probable  that,  as  Hewson  originally  suggested,  the 
spleen,  and  perhaps  to  some  extent  the  other  vascular  glands,  are, 
like  the  lymphatic  glands,  engaged  in  the  formation  of  blood-cor- 
puscles. For  it  seems  quite  certain,  that  the  blood  of  the  splenic 
vein  contains  an  unusually  large  amount  of  white  corpuscles ;  and 
in  the  disease  termed  leucocythajmia,  in  which  the  pale  corpuscles 
of  the  blood  are  remarkably  increased  in  number,  there  is  almost 
always  foimd  an  hypertrophied  state  of  the  spleen  or  of  the  lym- 
phatic glands.  Accordingly,  there  seems  to  be  a  close  analogy  in 
function  between  the  so-called  vascular  and  the  lymphatic  glands  : 
the  former  elaborating  albuminous  principles,  and   forming  the 
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germs  of  new  blood-corpusclea  out  of  alimeatary  materiak  absorbed 
b;  the  blood-veesek ;  the  latter  diBchat;ging  the  like  office  on 
nutritive  materi&Ia  taken  up  by  the  general  absorbent  syBtem. 
In  Kulliker'8  opinion,  the  developmeat  of  colourless  and  also 
coloured  corpuscles  of  the  hlood  is  oue  of  the  essential  functions 
of  the  spleen,  into  the  veins  of  which  the  new-formed  corpuscles 
pass,  and  are  thus  conveyed  into  the  general  current  of  the 
circulation. 

{3.)  There  is  reason  to  believe,  that  in  the  spleen  many  of  the 
red  corpuscles  of  the  blood,  those  probably  which  have  discharged 
their  office  and  are  worn  out,  undergo  diaintegratioo ;  for  in  the 
coloured  portion  of  the  spleeu-pulp  an  abundance  of  such  oor- 
pUBcles,  in  various  stages  of  degeneration,  are  found,  while  the 
red  corpuscles  in  the  splenic  venous  blood  are  said  to  be  relatively 
diminished.  According  to  Kblliker's  description  of  this  process 
of  disintegration,  the  blood-corpuscles,  becoming  smaller  aud 
darker,  collect  together  in  roundish  heaps,  which  may  remain 
in  this  couditicn,  or  become  each  surrounded  by  a  ceU-wall,  The 
cells  thus  produced  may  contain  from  one  to  twenty  blood- 
corpuscles  in  their  interior.  These  corpuscles  become  smaller 
and  smaller  ;  eschango  their  red  for  a  golden  yellow,  brown,  or 
black  colour ;  and  at  length,  arc  converted  into  pigmeut-granules, 
which  by  degrees  become  paler  and  pater,  imtil  all  colour  is  lost. 
The  corpuscles  undergo  these  changes  whether  the  heaps  of  them 
are  enveloped  by  a  cell- wall  or  not. 

(4.)  From  the  almost  constaut  presence  of  uric  acid  in  the 
spleen,  some  nitrogeuuus  metabolism  may  bo  fairly  inferred  to 
occur  in  it. 

(5.)  Besides  tlicsc,  its  supposed  direct  offices,  the  spleen  is  be- 
lieved to  fulfil  some  purpose  in  regard  to  the  portal  circulation, 
with  which  it  is  in  close  connection.  From  the  readiness  with 
which  it  admits  of  being  distended,  and  from  the  fact  that  it  is 
generally  amall  while  gastric  digestion  is  going  on,  and  enlarges 
when  that  act  is  concluded,  it  is  supposed  to  act  as  a  kind  of 
vascular  reser^-oir,  or  diverticulum  to  the  portal  system,  or  more 
particularly  to  the  vessels  of  the  stomach.  That  it  may  sene 
such  a  purpose  is  also  made  probable  by  the  enlargement  which 
it  undei^es  in  certain  affections  of  the  heart  and  liver,  attended 
with  obstruction  to  the  passage  of  blood  through  the  latter  organ, 
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and  by  its  dimiuution  when  the  congestion  of  the  portal  system 
is  relieved  by  discharges  from  the  bowels,  or  by  the  effusion  of 
blood  into  the  stomach.  This  mechanical  influence  on  the  circu- 
lation, however,  can  hardly  be  supposed  to  be  more  than  a  very 
subordinate  function. 

It  is  only  necessary  to  mention  that  Schiff  believes  that  the  spleen  manu- 
factures a  substance  without  which  the  pancreatic  secretion  cannot  act  upon 
proteids,  so  that  when  the  spleen  is  removed  the  digestive  action  of  the 
pancreas  is  stopped. 

Influence  of  the  Nervotis  System  upon  the  Spleen.— 

When  the  spleen  is  enlarged  after  digestion,  its  enlargement  is 

probably  due  to  two  causes,  (i)  a  relaxation  of  the  muscular 
tissue  which  forms  so  large  a  part  of  its  framework  ;  (2)  a  dilata- 
tion of  the  vessels.  Both  these  phenomena  are  doubtless  imder 
control  of  the  nervous  system.  It  has  been  found  by  experiment 
that  when  the  splenic  nei*ves  are  cut  the  spleen  enlarges,  and  that 
contraction  can  be  brought  about  (i)  by  stimulation  of  the  spinal 
cord  (or  of  the  divided  splenic  nerves) ;  (2)  reflexly  by  stimulation 
of  the  central  stumps  of  certain  divided  nerves,  e,  g.^  vagus  and 
sciatic  ;  (3)  by  local  stimulation  by  an  electric  current ;  (4)  the 
exhibition  of  quinine  and  some  other  drugs. 


CHAPTER    XIV. 

THE   SKIN   AND    ITS    FUNCTIONS. 

The  skin  serves — (i),  as  an  external  integument  for  the  pro- 
tection of  the  deeper  tissues,  and  (2),  as  a  sensitive  organ  in  the 
exercise  of  touch ;  it  is  also  (3),  an  important  excretory,  and  (4), 
an  absorbing  organ ;  while  it  plays  an  important  part  in  (5)  the 
regulation  of  the  temperature  of  the  body. 

Structure  of  the  Skin. 

The  skin  consists,  principally,  of  a  layer  of  vascular  tissue, 
named  the  corium,  derma^  or  ciUis  vera,  and  an  external  covering 
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of  epithelium  termed  the  cuticle  or  epidermis.  Within  and 
beneath  the  corium  are  imbedded  several  organs  mth.  special 
functions,  namely  sudoriferoits  glands,  sebaceous  glands,  and  hair- 
follicles  ;  and  on  its  surface  are  sensitive  papillce.  The  so-called 
appendages  of  the  skin — the  hair  and  nails — are  modifications  of 
the  epidermis. 

Epidermis. — The  epithelium  which  covers  the  true  skin, 
generally  called  the  epidermis,  is  composed  of  several  strata  of 
cells  of  various  shapes,  and  closely  resembles  in  its  structure  that 
which  lines  the  mouth. 

In  the  epidermis  the  following  four  layers  may  be  distinguished 
(fig.  199).  I.  Stratum  comeum,  consisting  of  many  superposed 
layers  of  homy  scales.  The  different  thickness  of  the  epidermis 
in  different  regions  of  the  body  is  chiefly  due  to  variations  in  the 
thickness  of  this  layer;  e.g,,  on  the  homy  parts  of  the  palms  of  the 
hands  and  soles  of  the  feet  it  is  of  great  thickness. 

The  stratum  comeum  of  the  buccal  epithelium  chiefly  differs 
from  that  of  the  epidermis  in  the  fact  that  nuclei  are  to  be  dis- 
tinguished in  some  of  the  cells  even  of  its  most  superficial  layers. 

2.  Stratum  liicidum^  a  bright  homogeneous  membrane  consisting 
of  squamous  cells  closely  arranged,  in  some  of  which  a  nucleus 
can  be  seen. 

3.  Stratum  gramdosum,  consisting  of  one  layer  of  flattened  cells 
which  appear  fusiform  in  vertical  section:  they  are  distinctly 
nucleated,  and  a  number  of  granules  extend  from  the  nucleus  to 
the  margins  of  the  cell. 

4.  Rete  MalpiglUi  or  Rete  mucostim,  which  consists  of  many  strata. 
The  deepest  cells  are  columnar  with  oval  nuclei :  tliis  layer  of 
columnar  cells  is  succeeded  by  a  number  of  layers  of  more  or  less 
polyhedral  ceUs  with  spherical  nuclei ;  the  cells  of  the  more  super- 
ficial layers  are  considerably  flattened.  The  deeper  surface  of  the 
rete  mucosmn  is  accurately  adapted  to  the  papillte  of  the  true  skin, 
being,  as  it  were,  moulded  on  them.  This  layer  is  very  constant  in 
thickness  in  all  parts  of  the  skin  :  its  cells  are  almost  all  connected 
by  processes,  and  thus  form  *  prickle  cells '  (p.  45).  The  pigment 
of  the  skin,  the  varying  quantity  of  which  causes  the  various  tints 
observed  in  different  individuals  and  different  races,  is  contained  in 
the  deeper  cells  of  the  rete  mucosum  ;  the  pigmented  cells  as  they 
approach  the  free  surface  gradually  losing  their  colour.     Epidermis 
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maintains  its  tluckncss  iu  spite  of  the  constant  wear  and  tear  to 
which  it  is  subjected.  The  columuar  cells  of  the  deepest  layer  of 
the  "reto  mucosum,"  elongate,  and  their  nuclei  divide  into  two. 
Lastly  the  upper  part  of  the  cell  divides  from  the  lower ;  thus 
from  a  long  columuiir  cell  ore  produced  a  polyhedral  and  a  short 
columnar  cell :  the  latter  elongates  and  the  process  is  repeated. 
The  polyhedral  cells  thus  formed  are  pushed  up  towards  the  Erec 
surface  by  the  production  of  fresh  ones  beneath  them,  and  become 

Fig.  199* 


flattened  from  prcviure     they  aUo  become  gradually  homy  tv 
OMiporation  aud  tranaformation  of  their  protoplasm  into  keritii*' 
till  at  last  by  nibbmg  thoy  are  detached  aa  dry  homy  scales  »■ 
the  free  surface      There  is  thus  a  coustant  production  of  freat^ 
cells  m  the  deepci  layora  and  a  constant  throwing  off  of  old  one^* 
from  the  free  siuface      When  these  two  processes  Eire  accuratelj^ 
balanced,  the  epidermis  mamtains  its  thickness      When,  by  inters' 
mittent  prcsaiiii.   a   more   active    cell  growth  is  stimulated,  the 
production  of  cellb  exceeds  their  noste  and  the  epidermis  increases 
in  thickness,  a'i  w  e  see  in  the  homy  hands  of  the  labourer. 


99      bkiii  (if  till   negro    in  a  lerLical  section,     a,  a.  Cutaneoos 

UuilLnnost  and  dark  coloured  lajer  of  oblong  verticiU  epidrnnii- 

Mnioiiid  or   Malpigliina   later       d    Superfiiiid  layers,   iucluding 

■neum   stratum  lucidum    and  stratam  graDuIosum,  the  lut  two 

>t  ditTecentiated  in  lig       a  250      (Sbaqie}  ) 
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The  thickness  of  the  epidennis  on  different  portions  of  the  skin 
la  directly  proportioned  to  the  friction,  pressure,  and  other  sources 
.of  injury  to  ichich  it  is  exposed;  fur  it  serves  ns  well  to  protect  the 
sensitive  and  vascular  cutis  from  injury  from  without,  as  to  limit 
the  evaporation  of  fluid  from  the  blood-vcasela.  The  adaptation  of 
the  epidermis  to  the  latter  purposes  ma.j  be  well  shown  by  exposmg 
to  the  air  two  dead  hands  or  feet,  of  which  one  has  its  epidermis 
perfect,  and  the  other  is  deprived  of  it ;  in  a  day,  the  skin  of  the 
latter  will  boeonio  brown,  di^-,  and  horn-like,  while  that  of  the 
former  will  almost  retain  its  natural  moisting. 

Cutis  Tera< — The  coriwn  or  cutis,  which  rests  upon  a  layer  of 
adipose  and  cellular  tissue  of  varying  thickness,  is  a  dense  and 
tough,  but  yielding  and  highly  elastic  structure,  composed  of 
fasciculi  of  fibro-cellular  tissue,  interwoven  in  all  directions,  and 
forming,  by  their  interlacements,  numerous  spaces  or  arcolfe. 
These  areolBa  ore  large  in  the  deeper  layers  of  the  cutis,  aud  are 
there  usually  filled  with  little  masses  of  iat  (fig.  zoa) :  but,  in 
the  superficial  parts,  they  are  small  or  entirely  obliterated.  Plain 
muscular  fibre  is  also  abundantly  present. 

Fapillte. — The  papillto  are  conical  elevations  of  the  corinm, 
"vith  a  single  or  divided  free  extremity,  more  prominent  and  more 


Fig.  atM.' 


Fig.  201.  t 


densely  set  at  some  parts  than  at  others  (figs.  199  and  200).  The 
puts  on  which  they  are  most  abundant  and  most  prominent  are 
ttepslmar  surface  of  the  hands  and  fingers,  and  the  soles  of  the 


(^  300.  Papillae,  as  seen  vitli  a  microacope,  on  a  poitiou  of  tlic  tnio 
**•  Sun  which  Uie  cuticle  baa  been  temoved  (BreBchet). 
J^fig.  aot.  CompDund  papiUn  from  the  pilm  of  the  hand,  magniGedfo 
"""(tm;  a,  buii  of  a  papilla  ;  b,  b,  di\'isioii3  or  liranchoa  of  the  snme  ,' 
^  4  WdiM  belongiDg  to  papilbe,  of  which  the  base^  arc  iiiddeu  from  view 
(WBker). 
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I,  therefore,  in  which  the  sense  of  touch  is  meet  acute. 

I  i-asta  they  arc  disposed    in  double  rows,  in   panllel 

,  8C]Himtcd  from   each  other  l.iy  c 


tY.] 


NEEVE-ENDIKGS    IX   THE   SKIN. 


413 


spaces  betvecQ  the  succesaiTC  paJra  of  papiUtc.  Over  other  parts 
of  the  akin  they  ore  more  or  less  thinly  scattered,  and  are  scarcely 
elevated  abore  the  surface-  Their  aven^  length  is  about  y^th 
of  aa  inch,  and  at  their  base  they  measure  about  -^^jj  of  an  inch 
in  diameter.  Each  papilla  is  abundantly  supplied  with  blood, 
receiving  from  the  vascular  pleiua  in  the  cutis  one  or  more 
minute  arterial  twigs,  which  divide  into  capillary  loops  in  its 
BQbatance,  and  then  reunite  into  a  minute  vein,  which  passes  out 
at  its  base.  The  abundant  supply  of  blood  which  the  papilhe 
thus  receive  explains  the  tui^;eHcence  or  kind  of  erection  which 
they  undergo  when  the  circulation  through  the  skin  is  active. 


'>>e  nujority,  but  not  all,  of  the  papillKi  contain  also  one  or  more 
™^<iiiial  nerve-fibres,  from  the  ultimate  ramifications  of  the 
™'*oeons  plexus,  on  which  their  exquisite  sensibility  depends. 

'tn^S'teniuiiatioiis. — In  some  ports,  especially  those  in 
'aich  the  sense  of  touch  is  highly  developed,  as  for  example, 
"'^  pahn  of  the  hand  and  the  lips,    the   nerve-fibres  appear  to 

f^  ap3.  PapiUm  from  the  akin  of  tlie  hand,  freed  from  the  cnticis  and 
"Ubtting  tactile  corptuclea.  a.  Simple  papilla  witli  foai  nerve-fibres  :  a, 
r^  enrpnaclea  ;  b,  nerrea.  B.  Papilla  treated  vrith  acetic  aeid  :  a,  cortical 
*T''«ith  cclla  and  fine  elaitic  liliimenta ;  b,  tactile  corpuscle  witli  transTcrse 
^^;  £,  Mitering  nervo  with  neurilemma  or  perineurium ;  il,  nerre-fibreM 
''■'iagToniid  the  corpntcle.  c.  Papilla  viowed  from  a1>0Te  so  as  to  appear 
"  >  ODM  Mction  :  a,  cortical  layer ;  h,  nerve-fibre  ;  e,  sheath  of  the  tactile 
'^mk oMataiuing  naclei ;  d,  core,     x  350.    (Kblliker.) 
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in  :iianj  of  the  papillre,  by  one  or  more  free  ends  in 
ncc  <if  an   oval-shaped  body,  not    unlike  a  Pacinian 
accupying   tlic   principal    part  of  tlic   interior  of  the 
J  termed  i\  tourk-corpiucle  (fig.   203).    The  nature  of 
ia  obacure.     Kolliker,   Huiloy,    and  others,  regard  it 
Ise   than  a  raasa  of  fibrous  or  connective  tissue,  siir- 
7  elastic  fibres,  and  formed,  according  to  Huiley,  by 
3d    development    of    the    primitive    slie-aths    of    the 
,  entering  the  papiUic.     Wagner,  however,  to  whom 
etoug  the  merit  of  first  fully  describing  .these  bodies, 
it,  instead  of  tlius  cousisting  of  a  liomogcneoufi  mnsa  of 
tissue,  they  are  special  and  peculiar  bodies  of  ianiiunted 

F^-j.  204." 
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sense  of  touch,  yet  tbcir  absence  from  the  papillte  of  other  tactile 
parts  shows  that  they  are  DOt  essential  to  this  sensa 

Closely  allied  in  structure  to  the  Paciaiau  corpuscles  and  touch- 
corpuscles  are  some  little  bodies  called  end-balbt,  about  ^^  of  an 
inch  in  diameter,  first  particularly  describetl  by  Krauae.  They 
are  generally  oval  or  spheroidal,  and  composed  externally  of  a 
coat  of  connective  tissue  enclosing  a  softer  matter,  in  which  the 
extremity  of  a  nerve  terminatea  These  bodies  have  been  found 
chiefly  in  the  lips,  tongue,  palate,  and  the  skin  of  the  glans  peais 
(fig.  204). 

Funotions  of  the  Catiole  in  Belstion  to  the  Papille.— 
Although  destined  especially  for  the  sense  of  touch,  the  papillee 
are  not  so  placed  as  to  come  into  direct  contact  with  external 
objects  J  but  like  the  rest  of  the  surface  of  the  skin,  ore  covered 
by  one  or  more  layers  of  epithelium,  forming  the  cuticle  or 
epidermis.  The  papillee  adhere  very  intimately  to  the  cuticle, 
which  is  thickest  in  the  spaces  between  them,  but  tolerably 
level  on  its  outer  surface  :  hence,  when  stripped  off  from  the 
cutis,  as  after  maceration,  its  internal  surface  presents  a  series 
of  pits  and  elevations  corresponding  to  the  papilla)  and  their  inter- 
spaces, of  which  it  thus  forms  a  kind  of  mould.  Besides  affording 
by  its  impermeability  a  check  to  undue  evaporation  from  the  skin, 
and  providing  the  sensitive  cutis  with  a  protecting  investment,  the 
cuticle  is  of  service  in  relation  to  the  sense  of  touch.  For  hy  being 
thickest  in  the  spaces,  between  the  papilla},  and  only  thinly  spread 
over  the  summits  of  these  proacsses,  it  may  serve  to  subdivide  the 
sentient  surface  .of  the  skin  into  a  number  of  isolated  points,  each 
of  which  is  capable  of  receiving  a  distinct  impression  from  an  ex- 
ternal body.  By  covering  the  papillro  it  renders  the  sensation 
produced  by  external  bodies  more  obtuse,  and  in  this  manner  also 
is  subservient  to  touch  ;  for  unless  the  very  sensitive  papillio  were 
thus  defended,  the  contact  of  substances  would  give  rise  to  pain, 
instead  of  tbc  ordinary  impressions  of  touch.  This  is  shown  in 
the  extreme  sensitiveness  and  loss  of  tactile  power  in  a  part  of  the 
skin  when  deprived  of  its  epidermis.  If  the  cuticle  is  very  thick, 
however,  as  on  the  heel,  touch  becomes  imperfect,  or  is  lost. 

G-landB  of  the  Skin. — The  skin  possesses  glands  of  two  kinds ; 
(a)  Sudoriferous,  or  Sweat  Glands ;  (6)  Sebaceous  Glands. 

(a)  SndoriferouB  or  Sweat  Qlaads. — Each  of  these  ^aoda 
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coiiBkU  of  a  small  lobular  mass,  formed  of  a  coil  of  tubular  glaud- 
duct,  Burrounded  by  blood-vessela  and  embedded  in  the  sub- 
cutniicouB  adiposo  tissue  (fig.  c,  2oz).  From  this  mass,  the  duct 
fuicends,  for  a  uhort  distance,  in  a  spiral  manner  through  tlie 
deeper  part  of  the  cutia,  thou  posaiug  stniigbt,  and  then  sometimes 
again  becoming  spiral,  it  passes  through  the  cuticle  and  opens  hj 
an  oblique  valve-like  aperture.  In  the  parts  where  the  epidermis 
is  thin,  the  ducts  themselves  are  thinner  and  more  nearly  straight 
in  their  course  (fig.  202).  The  duct,  which  maintiunB  nearly  the 
some  diameter  throughout,  is  lined  with  a  layer  of  columnar  epi- 
thelium (fig.  205)  coutinuoua  with  the  epidermis ;  while  the  put 
which  passes  through  the  epidermis  is  composed  of  the  Litter 
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structure  only ;  the  cells  which  immediately  form  the  bound*' 
of  the  canal  iu  this  part  being  somewhat  differently  arranged  frc^ 
those  of  the  adjacent  cuticle. 

The  sudoriferous  glands  are  abtmdantly  distributed  over  ^tP^ 
whole  surface  of  the  body  ;  but  are  especially  numerous,  as  w^^ 
as  very  largo,  in  the  skin  of  the  palm  of  the  band,  where,  accor*^ 
iiig  to  Krauso,  thoy  amount  to  2736  in  each  superficial  aqim^^ 
inch,  and,  according  to  Mr.  Erasmus  Wilson,  to  aa  many  aa  iSi^^ 
They  are  almost  equally  abundant  and  large  in  the  skin  of  tl»  ^ 
sole.  The  glimda  by  which  the  peculiar  odorous  matter  of  th  * 
axillcc  is  secreted  form  a  nearly  complete  layer  under  the  cutii** 

•  Fig.  205.  tilomerdi  of  sudorireroua  glaml,  divided  in  various  direction*' 
a,  shoath  ol  the  ginnd  ;  '',  coluiiinnr  epithelial  lining  of  gland  tube  ;  r,  Ininei*- 
of  tub*  ;  d,  divided  blood-vessel ;  /,  loose  connective-tissue,  fonning  1  capsule 
to  the  gland  (BicHiuloi-'ki), 
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and  aio  like  the  ordinary  Budoriferous  glands,  except  ia  being 
latger  aad  having  very  ahort  ducta.  In  the  neck  and  back,  vhere 
the;  aro  least  uumorouB,  the  glands  amount  to  417  on  the  square 
inch  (KrauBc).  Their  total  number  Erause  estimates  at  2,381,248, 
and,  supposing  the  orifice  of  each  gland  to  present  a  surface  of 
^'gth  of  a  line  in  diameter  (and  regarding  a  line  as  equal  to  i^th 
of  an  inch),  he  reckons  that  the  whole  of  the  glands  would  prraent 
an  evaporating  surface  of  about  eight  square  inches. 

The  peculiar  bitter  yellow  substance  secreted  by  the  skin  of  the 
external  auditory  passage  is  named  en-umen,  and  the  glauds  them- 
selves ceruminoiu  glands  ;  but  they  do  not  much  differ  in  structure 
from  the  ordinary  sudoriferous  glands. 

(I/.)  SebBoeouB  QIands. — TheBebaceousgtands(lig.2o6),likcthe 


sudoriferous  glands,  are  abundantly  distributed  over  moat  parts  of 
the  body.  They  are  moat  numerous  in  parts  largely  supplied  with 
hair,  as  the  scalp  nnd  face,  and  arc  thickly  distributed  about  the 


*  Fig.    206.     Si'tiaccous  glund    from    liuinan  subject  {Klcii 
Smith). 
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cutnincca  of  the  varioiiB  passages  into  the  body,  as  the  anns,  nose, 
lipa,  and  cstcmal  car.  Thoy  are  entirely  absent  from  the  palmir 
surftice  of  the  hands  and  the  plantar  surfaces  of  the  feet  They 
nrc  minutely  lobutated  glands  composed  of  an  aggregate  of  small 
tubes  or  B.icculi  filled  with  opaque  white  substances,  like  soft  oiat- 
meat  Minute  capillary  Tessels  overspread  them ;  and  theirduoti 
open  either  on  the  surface  of  the  skin,  close  to  a  hair,  or,  vhicb  i» 
more  usual,  directly  into  the  follicle  of  the  hair.  In  the  latter 
case,  there  are  generally  two  or  more  glands  to  each  hair  (fig,  208).  . 
Hair. — A  hair  is  produced  by  a  peculiar  growth  and  modifio- 
cation  of  the  epidermis.  Externally  it  is  covered  by  a  layer  o( 
fine  scales  closely  imbricated,  or  overlapping  like  the  tiles  of  a 
bouse,  but  with  the  free  edges  turned  upwards  (fig,  207,  a).    It 

Fig.  207.* 


is  called  the  cuticle  of  the  hair.  Beneath  this  ia  a  muoh  tbick^^ 
layer  of  elongated  homy  cells,  closely  packed  together  so  as  ts-  • 
resemble  a  fibrous  structure.  This,  very  commonly,  in  the  huma--^ 
.subject,  occupies  the  whole  of  the  inside  of  the  hair ;  but  in  som*- 
•cases  there  is  left  a.  small  cootral  space  filled  by  a  sulntauce  calle*  ^ 
the  medulla  or  pith,  composed  of  small  collections  of  irregulart.^ 
shaped  cells,  coutaiuing  sometimes  pigment  granules  or  fat,  bw- 
mostly  air. 

Tho  follicle,  in  which  the  root  of  each  h^r  is  contained  (fi^' 
208),  forms  a  tubtdar  depression  from  the  surface  of  the  skin, — ' 
descending  into  the  subcutaneous  fat,  generally  to  a  greate^^ 
depth  than  tho  sudoriferous  glands,  and  at  its  deepest  par** 
enlarging  in  a  bulbous  form,  and  often  curving  from  its  previous 


*  Fig.  207.  Surface  of  a  white  liuir,  inogiiilied  iGo  diunetcrs.  The  w«n7 
lines  mnrk  the  upper  or  free  edgea  of  the  cortical  scales.  B,  aep>T«ted  (Ctlev 
magnified  350  diameten  (Kolliker). 
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rectilinear  course.    It  is  lined  throughout  by  cells  of  epithelium, 
continuous  with  those  of  the  epidermis,  and  its  walls  are  fonned 


of  pellucid  membrane,  which  commonly,  in  the  follicles  of  the 

*  Fig.  308.  HediuiD-Bized  hair  in  ita  follicle,  magniGcd  50  diametcri'. 
n,  ttcm  cut  fibort ;  b,  root ;  c,  knob  ;  d,  hair  cuticle  ;  «,  internal,  and  /, 
external  root-sbeatb ;  g,  h,  dermic  coat  of  follicle  ;  i,  papilla  ;  k,  k,  ducts  of 
sebaceoas  glands ;  I,  corium  ;  m,  mucous  U;er  of  epidermis  ;  0,  upper  limit 
of  internal  root-sheatb  (EBllikcr).     See  also  liR.  102. 

t  Fig.  209.  Magnified  Tiew  of  the  root  of  a  boir  (Rohlr.tiinch),  a,  st«m 
or  shaft  of  hair  cut  across ;  b,  inner,  and  e,  outer  lajer  of  the  v pidermal  lining 
of  the  hair-follicle,  called  also  ,tbc  iancr  and  outer  root-aliesth  ;  d,  dermal  or 
external  coat  of  tbe  huir-foUicle,  shown  in  part,  e,  imbricated  acalei  about  to 
form  a  cortical  layer  on  tbe  surface  of  tbe  hair.  The  adjacent  cuticle  of  the 
Toot-eheatb  is  not  rcpreseuted,  and  the  papilla  is  bidden  in  tbe  lower  part  ot 
the  knob  where  that  is  repreaented  lighter. 
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largest  hairs,  has  the  struoture  of  vasoular  fibrous  tissne. 
At  the  bottom  of  the  folliolo  is  a  small  papilla,  or  projectioa  of 
true  skin,  aad  it  is  by  the  production  and  out-growth  of  epi- 
dermal cells  from  the  surface  of  this  papilla  that  the  hair  is 
formed.  The  inner  wall  of  the  follicle  is  lined  hj  epidermal  cells 
continuous  with  those  covering  the  general  surface  of  the  skin; 
as  if  indeed  the  follicle  hEid  been  formed  by  a  simple  thrusting  io 
of  the  surface  of  the  integument  (fig.  !o8).  This  epidermal  lining 
of  tlie  htur-follicle,  or  root-»}ieaik  of  the  hair,  is  composed  of  tvo 
Iftjers,  the  inner  one  of  which  is  so  moulded  on  the  imbricated 
acaly  cuticle  of  the  hair,  that  its  inner  surface  becomes  imbricated 

Fig.  310.* 


also,  but  of  course  in  tlio  opposite  direction.  When  a  hair  is  pullcC^ 
out,  the  inner  layer  of  the  rootslifatli  and  part  of  the  outer  laye^^ 
also  arc  commonly  pulled  out  with  it. 

Nails. — A  nail,  like  a  hair,  is  a  peculiar  nrrangemeut  of  cpider-' 


•  Fig.  aio.  Vertical  tmnavorsi!  section  througli  a  Bmall  portion  of  the  n»il 
aiiil  mntrii:  largely  niagnificd  (Kollikcr). 

A,  cortiim  uf  the  nail-bed,  raisoJ  into  riiigos  or  Inminfc  a,  fitting  in  between 
corresponding  Inminie  ft,  of  the  nnil.  Ji,  Molpifihinn,  nnil  G,  homy  layer  oC 
nail ;  if,  ikejicst  nud  I'crticiii  cells  ;  e,  upper  fiattcncil  cells  of  Malpighian 
layer. 
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mal  cells,  tlie  uadcnuoEt  of  which,  liko  those  of  the  general  Bur&ce 
of  the  integument,  are  rounded  or  elongated,  while  the  Euperficial 
iirc  flattened,  and  of  more  homy  consiatence.  That  qiecially 
modified  portion  of  the  corium,  or  true  skin,  by  which  the  nail  is 
Hccrcted,  is  called  the  matrix. 

The  Imck  edge  of  the  nail,  or  the  root  oa  it  ia  termed,  is  received 
into  a  shallow  crcacentic  groove  in  the  matrix,  while  the  front 
part  ia  free,  and  projects  beyond  the  extremity  of  the  digit  The 
intermediate  portion  of  the  nail  rests  by  ita  broad  under  surface 
on  the  front  part  of  the  matrix,  which  is  here  called  the  bed  of  the 
nail.  This  part  of  the  matrix  is  not  uniformly  smooth  on  the 
surface,  but  is  raised  in  the  form  of  longitudinal  and  nearly 
parallel  ridges  or  laminte,  on  which  are  moulded  the  epidemlal 
cells  of  which  the  nail  is  made  up  (fig.  310). 

Tbc'growth  of  the  nail,  like  that  of  a  hair,  or  of  the  epidermis 
generally,  is  effected  by  a  constant  production  of  cells  from  beneath 
and  Ijchind,  to  take  the  place  of  those  which  are  worn  or  cut 
away.  Inasmuch,  however,  as  the  posterior  edge  of  the  nail,  from 
ita  being  lodged  in  a  groove  of  the  skin,  cannot  grow  backwards, 
on  additions  being  made  to  it,  so  easily  as  it  can  pass  in  the 
opposite  direction,  any  growth  at  its  hinder  part  pushes  the  whole 
forwards.  At  the  same  time  fresh  cells  are  added  to  its  under 
surface,  and  thus  each  portion  of  the  nail  becomes  gradually 
thicker  as  it  moves  to  the  front,  imtil,  projecting  beyond  the 
surface  of  the  matrix,  it  can  receive  no  fresh  addition  from  beneath, 
and  is  simply  moved  forwards  by  the  growth  at  ita  root,  to  be  at 
last  worn  away  or  cut  off. 

Fnnotioiu  of  the  Skin, 

(i.)  By  means  of  its  toughness,  flexibility  and  elasticity,  the 
ekin  is  eminently  qmUified  to  serve  as  the  general  integument  of 
the  body,  for  defending  the  internal  parts  from  external  violence, 
imd  readily  yielding  and  adapting  itself  to  their  various  move- 
ments and  changes  of  position, 

{2.)  The  skin  ia  the  chief  ot^an  of  the  sense  of  touch.  Its 
whole  sur&ce  is  extremely  sensitive  ;  but  ita  tactile  properties  arc 
due  more  especially  to  the  abundant  papiUffi  with  which  it  is 
studded.     (See  Chapter  on  Special  Senses.) 

(3.)  Excretion.    The  skin  is  the  seat  of  a  two-fold  excretion ;  of 
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that  formed  by  the  sebaceous  glands  and  hair-follicles,  and  of  the 
more  watery  fluid,  the  sweat  or  perspiration^  eliminated  by  the 
sudoriferous  glands. 

Secretion  of  Sebaceous  Glands  and  Hair-follicles. — ^The 
secretion  of  the  sebaceous  glands  and  liair-follides  (for  their  pro- 
ducts cannot  be  separated)  consists  of  cast-off  epithelium-cells, 
with  nuclei  and  gianules,  together  with  an  oily  matter,  extractive 
matter,  and  stearin  ;  in  certain  parts,  also,  it  is  mixed  with  a 
peculiar  odorous  principle,  which  is  said  by  Dr.  Fischer  to  con- 
tain caproic,  butyric,  and   rutic  acids.      It  is,   perhaps,  nearly 
similar  in  composition  to  the  unctuous  coating,  or  vei-nta  cauo^h 
which  is  formed  on  the  body  of  the  foetus  while  in  the  uterus,  and 
which  contains  large  quantities  of  ordinary  fat  (J.  Davey).    Its 
purpose  seems  to  be  that  of  keeping  the  skin  moist  and  supple 
and,  by  its  oily  nature,  of  both  hindering  the  evaporation  fro^ 
the  surface,  and  guarding  the  skin  from  the  effects  of  the  loiig* 
continued  action   of  moisture.      But  while  it  thus  serves  loc*^^ 
pui*poses,  its  removal  from  the  body  entitles  it  to  be  reckoD^ 
among  the  excretions  of  the  skin ;  though  the  share  it  has  in  ti^® 
purifying  of  the  blood  camiot  be  discerned. 

The  Sweat. — The  fluid  secreted  by  the  sudoriferous  glands    ^* 
usually  formed  so  gradually,  that  the  watery  portion  of  it  escapes  ^J 
evaporution  as  fast  as  it  reaches  the  surface.     But,  diuring  stro^^ 
exercise,  exposure  to  great  external  warmth,  in  some  diseases, 
when  evaporation   is    prevented,   the    secretion  becomes    mc^ 
sensible,  and  collects  on  the  skin  in  the  form  of  drops  of  fluid. 

The  perspiration  of  the  skin,  as  the  term  is  sometimes  employ 
in  physiology,  includes  all   that  portion  of  the  secretions  a«^^ 
exudations  from  the  skin  which  passes  off  by  evaporation;  tS^^ 
sweat  includes  that  which  may  be  collected  only  in  drops  of  flu^^ 


on  the  surface  of  the  skin.     The  two  terms  are,  however,  m 
often  used  synonymously ;  and  for  distinction,  the  former  is  call( 
insensible  perspiration :  the  latter  sensible  perspiration.     The  flui 
are  the  same,  except  that  the  sweat  is  commonly  mingled  wi 
various  substances  lying  on  the  surface  of  the  skin.     The  content^ 
of  the  sweat  are,  in  part,  matters  capable  of  assuming  the  form 
vapour,  such   as  carbonic   acid   and  water,   and   in   part,  othe 
matters  which  are  deposited  on   the  skin,  and  mixed  with  th^ 
sebaceous  secretion. 
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CompoGdtioii  of  Sweat. 

Water 99$ 

Solids : — 

Organic  Acids  (formic,  acetic,  butyric, ) 

propionic,  caproic,  caprylic).  \         '^ 

Salts,  chiefly  chloride  of  sodium  .  .  1*8 
Fats,  neutral  and  cholesterin  ...  7 
Extractives  (including  urea),  with  epi-  )  .^ 

thelium  \  ^ 


1000 


Of  these  several  substances,  however,  only  the  carbonic  acid 
and  water  need  particular  consideration. 

Watery  Vapour. — The  quantity   of  watery  vapour  excreted 

from  the  skin    is   on  an  average  between   ij  and    2   lb.   daily. 

This  subject  has  been  estimated  very  carefully  by  Lavoisier  and 

Sequin.     The  latter  chemist  enclosed  his  body  in  an  air-tight  bag, 

with  a  mouth-piece.     The  bag  being  closed  by  a  strong  band 

above,  and  the  mouth-piece  adjusted  and  gummed  to  the  skin 

around  the  mouth,  he  was  weighed,  and  then  remained  quiet  for 

several  hours,  after  which   time  he  was   again   weighed.     The 

difference  in  the  two  weights  indicated  the  amount  of  loss  by 

pulmonary  exhalation.     Having  taken  off  the  air-tight  dress,  he 

"^was  immediately  weighed  again,  and  a  fourth  time  after  a  certain 

interval.     The  difference  between  the  two  weights  last  ascertained 

^ave  the  amount  of  the  cutaneous  and  pulmonary  exhalation  to- 

j^ether;  by  subtracting  from  this  the  loss  by  pulmonary  exhalation 

aloue,  while  he  was   in  the  air-tight  dress,  he  ascertained   the 

skmount  of  cutaneous  transpiration.     During  a  state  of  rest,  the 

Average  loss  by  cutaneous  and  pulmonary  exhalation  in  a  minute, 

i»  eighteen  grains, — the  minimum  eleven  grains,  the  maximum 

thirty-two  grains ;  and  that  of  the  eighteen  grains,  eleven  pass  off 

^y  the  skin,  and  seven  by  the  lungp.     Valentin  found  the  wholo 

^^lantity  lost  by  exhalation  from  the  cutaneous  and  respiratory 

^^aces  of  a  healthy  man  who  consumed  daily  40,000  grains  of 

wod  and  drink,  to  be  19,000  grains,  or  2*  lb.     Subtracting  from 

**iw,  for  the  pulmonary  exhalation,   5,000  grains,  and,  for   the 

^cew  of  the  weight  of  the  exhaled  carbonic  acid  over  that  of  tho 

^ual  volume  of  the  inspired  oxygen,  2,256  grains,  the  remainder, 

n,744  grains,  or  nearly  ijlb.,  may  represent  an  average  amount 

of  cutaneous  exhalation  in  the  day. 
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The  quantity  of  watery  vapour  lost  by  transpiration,  is  of 
course  influenced  by  all  external  circumstances  which  affect  the 
exhalation  from  other  evaporating  surfaces,  such  as  the  tempera- 
ture, the  hygrometric  state,  and  the  stillness  of  the  atmosphere. 
But,  of  the  variations  to  which  it  is  subject  under  the  influence  of 
these  conditions,  no  calculation  has  been  exactly  made. 

Carbonic  Acid. — Regnault  and  Reiset  attempted  to  estimate 
the  quantity  of  carbonic  add  exhaled  by  the  skin  on  an  average  iu 
various  circumstances,  and  concluded,  from  some  careful  experi- 
ments, that  the  quantity  of  carbonic  acid  exhaled  from  the  skin 
of  a  warm-blooded  animal  is  about  -/^  of  that  furnished  by  the 
pulmonary  respii-ation.  Dr.  Edward  Smith's  calculation  is  some- 
what less  than  this ;  and  still  more  recent  experiments  (Aubert) 
appear  to  prove  that  the  quantity  of  carbonic  acid  exhaled  by  the 
skin  is  only  y^J^  to  y^^  of  that  which  is  secreted  by  the  lungs. 

The  cutaneous  exhalation  is  most  abundant  in  the  lower  classes  of  animAl^' 
more  particularly  the  naked  Amphibia,  as  frogs  and  toads,  whose  skin   ** 
thin  and  moist,  and  readily  permits  an  interchange  of  gases  between  tl^^ 
blood  circulating  in  it  and  the  surrounding  atmosphere.    Bischoff  fouS>^ 
that,  after  the  lunps  of  frogs  had  been  tied  and  cut  out,  about  a  quarter  of    * 
cubic  inch  of  carbonic  acid  gas  was  exhaled  by  the  skin  in  eight  houX^ 
And  this  quantity  is  very  large,  when  it  is  remembered  that  a  fuU-sir^^ 
frog  will  generate  only  alx)ut  half  a  cubic  inch  of  carbonic  acid  by  his  lun  ^^ 
and  skin  together  in  six  hours  (Milne-Edwards  and  Miiller), 

The  importance  of  the  respiratory  function  of  the  skin,  which  was  on^^^ 
thought  to  be  proved  by  the  speedy  death  of  animals  whose  skins,  aft-^^ 
removal  of  the  hair,  were  covered  with  an  impermeable  vamish,  has  bee^" 
shown  by  further  observations  to  have  no  foundation  in  fact ;  the  immedia^'    i 
cause  of  death  in  such  cases  being  the  loss  of  temperature.    A  vamishcr 
animal  is  said  to  have  suffered  no  harm  when  surrounded  by  cotton  waddin^^^' 
and  to  have  died  when  the  wadding  was  removed. 


Influence  of  the  Nervous  System  on  Excretion. — An, 

increase  in  the  amount  of  sweat  secreted  is  usually  accompanii 
by  dilatation  of  the  cutaneous  vessels.  It  is,  however,  probable  thaC^ 
the  secretion  is  also  like  the  other  secretions,  e,g,^  the  saliva,  under^ 
the  direct  action  of  a  special  nervous  apparatus,  in  that  various  nerve* 
contain  fibres  which  act  directly  upon  the  cells  of  the  sweat  glands 
in  the  same  way  that  the  chorda  tympani  contains  secreting  fibres 
which  act  directly  upon  the  salivary  cells.  The  nerve  fibres  which 
induce  sweating  may  act  independently  of  the  vaso-motor  fibres, 
whether  vaso-dilator  or  vaso-constrictor.     The  local  apparatus  is 
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under  control  of  the  central  nervous  system — sweat  centres  pro- 
Ijably  existing  both  in  the  medulla  and  spinal  cord — and  may  be 
reflexly  as  well  as  directly  excited. 

(4).  Absorption. — Absorption  by  the  skin  has  been  already 
mentioned,  as  an  instance  in  which  that  process  is  most  actively 
accomplished-  Metallic  preparations  rubbed  into  the  skin  have 
the  same  action  as  when  given  internally,  only  in  a  less  degree. 
Mercury  applied  in  this  manner  exerts  its  specific  influence  upon 
syphilis,  and  excites  salivation  ;  potassio- tartrate  of  antimony  may 
excite  vomiting,  or  an  eruption  extending  over  the  whole  body ; 
and  arsenic  may  produce  poisonous  effects.  Vegetable  matters, 
also,  if  soluble,  or  already  in  solution,  give  rise  to  their  peculiar 
effects,  as  cathartics,  narcotics,  and  the  like,  when  rubbed  into  the 
.skin.  The  effect  of  rubbing  is  probably  to  convey  the  particles  of 
the  matter  into  the  orifices  of  the  glands  whence  they  are  more 
readily  absorbed  than  they  would  be  through  the  epidermis. 
When  simply  left  in  contact  with  the  skin,  substances,  unless  in  a 
fluid  state,  are  seldom  absorbed. 

It  has  long  been  a  contested  question  whether  the  skin  covered 
with  the  epidermis  has  the  power  of  absorbing  water ;  and  it  is  a 
jx)int  the  more  difficult  to  determine  because  the  skin  loses  water 
by  evaporation.  But,  from  the  result  of  many  experiments,  it 
may  now  be  regarded  as  a  well-ascertained  fact  that  such  absoq)- 
tion  really  occurs.  M.-Edwards  has  proved  that  the  absorption  of 
water  by  the  surface  of  the  body  may  take  place  in  the  lower 
animals  very  rapidly.  Not  only  frogs,  which  have  a  thin  skin, 
but  lizards,  in  which  the  cuticle  is  thicker  than  in  man,  after 
having  lost  weight  ';by  being  kept  for  some  time  in  a  dry  atmo- 
sphere, were  found  to  recover  both  their  weight  and  plumpness 
very  rapidly  when  immersed  in  water.  When  merely  the  tail, 
posterior  extremities,  and  posterior  part  of  the  body  of  the  lizard 
were  immersed,  the  water  absorbed  was  distributed  throughout 
the  system.  And  a  like  absorption  through  the  skin,  though  to  a 
less  extent,  may  take  place  also  in  man. 

In  severe  cases  of  dysphagia,  when  not  even  fluids  can  be  taken 
into  the  stomach,  immersion  in  a  bath  of  warm  water  or  of  milk 
and  water  may  assuage  the  thirst ;  and  it  has  been  foimd  in  such 
cases  that  the  weight  of  the  body  is  increased  by  the  immersion. 
Sailors  also,  when  destitute  of  fresh  water,  find  their  urgent  thirst 
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allayed  by  soaking  their  clothes  in  salt  water  and  wearing  them 
in  that  state ;  but  these  effects  are  in  part  due  to  the  hindrance  to 
the  evaporation  of  water  from  the  skin. 

(5).  Begnlation  of  Temperature. — For  an  account  of  this 
important  function  of  the  skin,  see  Chapter  on  Animal  Heat 


CHAPTER    XV. 

THE    MAMMARY    GLANDS    AND    THE    SECRETION    OP   MIIK. 

Structure. — The  mammary  glands  are  composed  of  larger  di^*' 
sions  or  lobes,  and  these  are  again  divisible  into  lobuleSj—tbe 
lobules  being  composed  of  the  convoluted  subdivisions  of  ducts 
(alveoli).  The  lobes  and  lobules  are  bound  together  by  areolar 
tissue;  penetrating  between  the  lobes,  and  covering  the  genei*^ 
suiface  of  the  gland,  with  the  exception  of  the  nipple,  is  a  con- 
siderable quantity  of  yellow  fat,  itself  lobulated  by  sheaths  ^^ 
processes  of  tough  areolar  tissue  (fig.  211)  connected  both  with  th® 
skin  in  front  and  the  gland  behind  ;  the  same  bond  of  connection* 
extending  also  from  the  imder  surface  of  the  gland  to  the  sheath' 
ing  connective  tissue  of  the  great  pectoral  muscle  on  which  1 
lies.  The  main  ducts  of  the  gland,  fifteen  to  twenty  in  nucflb^' 
called  the  lactiferovs  or  galactopltorous  ducts,  are  formed  by^h^ 
imion  of  the  smaller  (lobular)  ducts,  and  open  by  small  separa^ 
orifices  through  the  nipple.  At  the  points  of  junction  of  lobol*^ 
ducts  to  fonn  lactiferous  ducts,  and  just  before  these  enter  th^ 
base  of  the  nipple,  the  ducts  are  dilated  (6,  fig.  211);  and,  during 
lactation,  the  period  of  active  secretion  by  ths  gland,  the  d"*' 
tat  ions  form  reservoirs  for  the  milk,  which  collects  in  them  9^ 
distends  them.  The  walls  of  the  gland-ducts  are  formed  of  areola^ 
and  elastic  with  some  muscular  tissue,  and  are  lined  internally  V 
short  colunmar  and  near  the  nipple  by  squamous  epithelium.  1^^ 
alveoli  consist  of  a  membrana  propria  of  flattened  endothelial  ceu* 
lined  by  low  columnar  epithelium,  and  are  filled  with  &t  globul* 

The  nipple,  which  contains  the  terminations  of  the  lactiferons 
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ducta,  is  composed  also  of  arcolor  tissuo,  and  contains  unstriped 
muscular  fibres.  Blood-Tosscls  are  also  &eel;  supplied  to  it,  go  as 
to  give  it  a  species  of  erectile  structure.  On  its  sur&ce  are  very 
seoBitive  papillie  ;  and  around  it  ia  a  small  area  or  areola  of  pink 
or  dai'k-tinted  skin,  on  which  are  to  be  seen  small  projectioUH- 
formed  by  minute  secreting  glands. 

Blood-TGsaels,  nerves,  and  lymphatics  are  plentifully  supplied 
to  the  mammary  glands ;  the  calibre  of  the  blood-vessels,  as  well 


I  size  of  the   glands,  vaiyiug  very  greatly  under  certain 
^Mitions,  especially  those  of  pregnancy  and  lactation. 


'  Fig.  311.  Dissection  af  the  lower  belf  of  the  female  mamma  during  tbe 
psiod  of  lactation  (from  LuwMa),  i- — lu  the  left-band  side  of  the  die.«ected 
Ptt  the  glandular  loLes  are  exposed  and  partially  unravelled  ;  and  on  tlie 
'i^lund  aide,  the  glandular  sabstance  has  been  removed  to  show*  tbo 
Kticnlu'  locnli  of  the  connective-tibsne  in  which  the  glandalar  lobules  are 
Nxed :  I,  upper  part  of  the  mamilla  or  nipple  ;  x,  areola ;  3,  subeutancoQB 
*■■>  of  fat ;  4,  reticular  locoli  of  the  coimective-tlsbue  which  support  the 
flndnlaT  rabatance  and  contain  tha  fatty  masses  ;  S,  one  of  three  lactiferous 
f"^  ihowB  paninx  towards  tlie  mamilla  where  they  open  ;  6,  one  of  the 
1^  lactel  or  leaervoin ;  7,  lonie  of  the  glandular  lobules  which  have  been 
Wmlled ;  f,  Mum  maiMd  together. 
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OhangM  in  the  Olauds  at  certain  Ferioda. — The  minute 
changes  in  the  mammary  gland  during  its  periods  of  evoIutioD 
(pregnancy),  and  involution  (vhen  lactation  has  ceased),  have 
recently  been  investigated  by  Dr.  Greighton.  The  foilowing  are 
the  main  points  which  have  been  ascertained  by  him  and  other 
observers : — 

The  most  favourable  period  for  observing  the  epithelium  of  the 
mammary  gland  fully  developed,  is  shortly  before  the  end  of 
pregnancy.  At  this  period  the  acini  which  form  the  lobules  of 
the  gland,  ore  found  to  be  lined  with  a  mosaic  of  polyhedral 
epithelial  cells  (fig.  212),  and  supported  by  a  connective  tiwifl 
stroma. 

Lactation. — The  rapid  formation  of  milk  during  this  period 
results  from  a  fatty  metnmorphoaia  of  the  epithelial  cells  t  "Tl' 


secretion  may  be  said  to  be  produced  by  a  transformation  of  '^ 
substance  of  successive  generations  of  epithelial  cells,  and  in  ^^ 
state  of  full  activity  this  transformation  is  so  complete  that  it  0*1 
be  called  a  deliquescence  "  (Creighton). 

In  the  earlier  days  of  lactation,  epithelial  cells  partially  tr*!* 
formed  are  discharged  in  the  secretion :  these  are  termed  "coloBtruV 


•  Fig.  irz.  Section  of  niammary  gland  of  rabliit  near  the  *nd  of  pn(- 
iioncj,  showing  six  acini,  e,  epithelial  crlls  of  &  polyhedra]  or  xhort  Golnoiiut 
fonn,  with  which  the  iicini  are  packed,     x  a 
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completely  transformed 


iposcles,"  bat  l&ter  on  the  cells 

fore  the  secretion  is  discharged. 

InTOlntioiL — After  the  end  of  lactation,  the  mamma  gradually 

tuns  to  its  original  size.     The  acini   in   the  early  stages   of 

rolution,  are  lined  with  cells  in  all  degrees  of  vaouolatjon 

g.  213).     Ab  involution  proceeds  the  acini  diminish  considerably 

size,  and  at  length,  instead  of  a  mosaic  of  lining  epithelial  cells 


Fig.  2I3.* 


wcnty  to  thirty  in  each  acinus),  we  have  iive  or  six  nuclei  (some 
ith  no  Burrounding  protoplasm)  lying  in  an  irregular  heap  within 
™  ftcmus.  During  the  later  stages  of  iuvolution,  large  yellow 
''^ular  cells  are  to  be  seen.  As  the  aciui  diminiBh  in  size,  the 
"^tteclive  tiesue  and  fatty  matter  between  them  increase,  and  in 
*<niM  animals,  when  the  gland  is  completely  inactive,  it  is  found 
^  connst  of  a  thin  film  of  glandular  tissue  overlying  a  thick 
"•"hion  of  fat.  Many  of  the  products  of  waste  are  carried  off  by 
*»  lymphatics. 

Irolatioii  (Pregnancy), — During  pregnancy  the  mammary 
thnds  undergo  changes  which  are  readily  obserrablc.  They  en- 
'"te,  become  hard»  and  more  distinctly  lobulated  :  the  veins  on 
we  nriace  become  more  prominent.  The  areola  becomes  enlarged 
od  dusky,  with  projecting  papilltc ;  the  nipple  too  becomes  more 


*  Rg.  213.  Section  of  msmmarj  glnnd  of  cire  siiortly  after  tlie  end  of 
iMtitiim,  ■bowing  part*  of  four  acini,  nhich  contain  numerouH  epithcliul 
itb  BnderKmiig  vscDolation  in  aUa  ;  the;  very  nloselj  navmble  jouug  fut- 
dl^  ud  u*  in  fact  jwt  like  "CoIostromcoqiuEclcs."    k  300.  (Creightoa.) 
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prominent,  and  milk  can  be  equeezed  from  the  orificos  of  the  dact& 
This  IB  &  very  gradual  process,  vbich  commenceH  about  the  tnne  of 
conception,  and  progresses  steadily  during  the  whole  period  ot 
gestation.  The  acini  enlarge,  and  a  aeriea  of  changes  occur,  exactly 
the  revcree  of  those  just  described  under  the  head  of  Involution. 


Hilk. 

Under  the  miscroscope,  milk  is  found  to  contain  a  number  of 
globules  of  various  sizes  (fig.  214),  the  majority  about -p^^^,  of  an 
inch  in  diameter.  They  are  composed  of  oily  matter,  probably 
coated  by  a  fine  layer  of  albuminous  material,  and  are  called  mlt- 
ghhtUfi ;  while,  accompanying  these,  are  numerous  minute 
particles,  both  oily  and  albuminous,  which  exhibit  ordinary  mole- 
cular movements.  The  milk,  which  is  secreted  in  the  first  &' 
days  aflcr  parturition,  and  which  is  colled  the  colottrum  diffen 
from  ordinary  milk  in  containing  a  larger  quantity  of  solid  matter; 
and  under  the  microsccipe  are  to  be  seen  certain  granular  masui 
called  coloiiTitm-Mrpiucles.  These,  which  appear  to  be  small  muw* 
of  albuminous  and  oily  matter,  are  probably  secreting  cells  of  f** 
gland,  cither  in  a  state  of  fatty  degeneration,  or,  as  Dr.  Gs^ff' 


Fig.  214.* 


remarks,  old  cells  which  in  their  attempt  at  secretion  under  t** 
new  circumstances  of  active  need  of  milk,  lure  filled  with  «V 
matter ;    which,  however,  being   unable   to   discharge,  they  nn 

•  Kig.  214.    GlobnlM  Bnd  molecule*  of  cow's  milk  ■•'. 
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themselves  shed  bodily  to  make  room  for  their  successors. 
Colostrum-corpuscles  have  been  seen  to  exhibit  contractile  move- 
ments and  to  squeeze  out  drops  of  oil  from  their  interior 
(Strieker). 

Chemical  Composition, — Milk  is  in  reality  an  emulsion  con- 
sisting of  numberless  little  globules  of  fat,  coated  with  a  thin  layer 
of  albuminous  matter,  floating  in  a  large  quantity  of  water,  which 
contains  in  solution  albumin,  milk-sugar  (lactose),  and  several  salts. 
Its  percentage  composition  has  been  already  mentioned,  but  may 
be  here  repeated.  Its  reaction  is  alkaline:  its  specific  gravity 
about  1030. 


Water 
Soli  da 


Composition  op  Milk. 

XJaman. 
.     890 
.     .      IIO    . 


I -000 


Proteids,  including  Casein 

and  Serum-Albumin 
Fats  or  Butter       .        .     . 
Sugar  (with  extractives)    . 
Salts 


35 

25 
48 

2 


;io 


Cow's. 
858 
142 

1*000 


68 
38 

6 


142 


Cream. — When  milk  is  allowed  to  stand,  the  fat  globules, 
being  the  lightest  portion,  rise  to  the  top,  forming  cream. 

Butter. — If  a  little  acetic  acid  be  added  to  a  drop  of  milk 
under  the  microscope,  the  albuminous  film  coating  the  oil  drops  is 
dissolved,  and  they  run  together  into  larger  drops.  The  same 
result  is  produced  by  the  process  of  churning,  the  effect  of  which 
is  to  break  up  the  albuminous  coating  of  the  oil  drops  :  they  then 
coalesce  to  form  butter. 

Curdling  of  Milk. — If  milk  be  allowed  to  stand  for  some 
time,  its  reaction  becomes  acid :  in  popular  language  it  "  turns 
sour."  This  change  appears  to  be  due  to  the  conversion  of  the 
milk-sugar  into  lactic  acid,  which  causes  the  precipitation  of  the 
casein  (curdling) :  the  curd  pontains  the  fat  globules  :  the  remain- 
ing fluid  (whey)  consists  of  water  holding  in  solution  albumin, 
milkHSugar  and  certain  salts.     The  same  effect  is  produced  in  the 
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manufacture  of  cheese,  which  is  really*  casein  coagulated  by  the 
agency  of  rennet  (p.  298).  When  milk  is  boiled,  a  scum  of  albimiin 
forms  on  the  surface  ;  this  is  rapidly  succeeded  by  a  second  if  the 
firat  be  removed. 

Curdling  Ferments. — ^The  effect  of  the  ferments  of  the  gastric, 
pancreatic,  and  intestinal  juices  in  curdling  milk  {curdling  fer- 
ments) has  already  been  mentioned  in  the  Chapter  on  Digestion. 

The  salts  of  milk  are  chlorides,  sulphates,  phosphates,  and 
carbonates  of  potassium,  sodium,  calcium. 


CHAPTER    XVL 

THE    KIDNEYS    AND    URINE. 

Structure  of  the  Kidneys. — The  kidney  is  covered  by  • 

rather  tough  fibrous  capsule,  which  is  slightly  attached  by  i^ 
inner  surface  to  the  pn^pcr  substance  of  the  organ  by  means  of 
very  fine  fibres  of  areolar  tissue  and  minute  blood-vessels.  Froiw 
the  healthy  kidney,  therefore,  it  may  be  easily  torn  off  without 
injury  to  the  subjacent  cortical  portion  of  the  organ.  At  the  h^^ 
or  notch  of  the  kidney,  it  becomes  continuous  with  the  extend 
coat  of  the  upper  and  dilated  part  of  the  ureter. 

On  making  a  section  length-wise  through  the  kidney  (fig.  2^5' 
the  main  part  of  its  substance  is  seen  to  be  composed  of  t^ 
chief  portions,  called  respectively  the  cortical  and  the  mcdull^^ 
portion,   the   latter  being  also  sometimes   called  the  pyrand^^ 
l)ortion,  from  the  fact  of  its  being  composed  of  about  a  do^^^ 
conical    bundles    of    urine-tubes,    each  bundle    being    called    * 
l)yramid.     The  upper  part   of  the   duct  of  the   oVgan,   or  tb^ 
ureter,  is  dilated  into  what  is  called  the  pelvis  of  the  kidney ;  a^ 
this,  again,  after  separating  into  two  or  three  principal  divisiotJ^ 
is  finally  subdivided  into  still  smaller  portions,  varying  in  numl^'' 
from  about  8  to  12,  or  even  more,  and  called  calyces.     Each  0' 
these  little  calyces  or  cups,  which  are  »ftcn  arranged  in  a  double 
row,  receives   the   pointed   extremity   or  papilla   of  a  pyranai* 
Sometimes,  howevei",  more  than  one  papilla  is  received  by  a  cal^fX, 
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The  kidney  ia  a  compound  tubular  gland,  and  both  its  cortical 
and  medullary  portions  are  compoBod  eBttcntially  of  seci'eting 
tubes,  the  ti^uli  uriniferi,  which,  by  one  extremity,  in  the  coHicai 
portion,  end  coaunoRly  in  little  BBcciiles  containing  blood-vcescU, 
colled  Ifalpiffhian  bodiet,  and,  by  the  other,  open  through  the 


Fi'j.  3i6.t 


P^rpiila  into  the  pelvis  uf  tho  kiducy,  and  thuit  discharge  the  mine 
which  flowB  through  them. 

In  the  pyramids  tho  tubes  are  chiefly  straight — dividing  and 
diverging  as  they  ascend  through  these  into  the  cortical  portion  ; 
^hUe  in  the  latter  region  they  spread  out  more  irregularly,  and 
i^ecoins  much  branched  and  convoluted. 

Tobnli  TTrinifeil — The  tubuli  uriniferi  (fig.  2 1 8)  arc  oomposed 
"^  a  nearly  homogeneous  membrane,  and  are  lined  internally  by 


Fig.  315.  Plan  of  a  longitndiiuil  aectioD  through  the  pelviBttndsubatance 
"'  Xht  right  tidner,  }  ;  o,  ths  cortical  substance  ;  b,  b,  broad  part  of  the 
Wtimidi  of  Ualpighi  ;  c,  c,  the  divisioos  of  tho  pelvis  usnied  calyces,  laid 
'!tn ;  e",  one  of  those  unopened  ;  d,  aummit  of  the  pjramida  of  papillee  pin- 
P^iag  into  calyces  ;  e,  e,  section  of  the  narrow  part  of  two  pyramids  near  tht 
"vfta  ;  p,  pelrit  or  enlatj^  diviaionii  of  the  uretpr  within  tlie  kidney  ;  v, 
^  tireter ;  r,  the  nnns  ;  A,  the  hiloe. 

t  Tig.  Z16.  A.  Portion  of  a  secreting  tubnie  from  the  cortieal  substance  of 
^  kiibey.     B.  The  epithelial  or  gland-cells,  iDorc  highly  msguiGcd  (700 
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Dns  of  uriniieroua  tubes. 
,  subopaular  lajer 


ico 


*  Fi;;.  Z17.     A  diagrtuc  of  the  « 

liniiUd  exterruUy  by  tho  cspiule  ;    ~, , ~j~    —   

Molpigbiui  corpascles ;  a',  inner  atratnm  of  cortex,  *leo  without  Ifalpi^ 
cai>su1cs;  B,  Itoundary  layer;  C,  FapiUary  part  next  tbe  boondary  Uj 
I,  llowninji 'h  cajisnlo  of  Malpigbian  corpiucle  ;  3,  neck  of  capmle  ;  3,  \foifl 
convoluted  tubule ;  4,  spiral  tubule  of  Scbacbowft ;  5.  dBscenilinglimbof  Hov 
loop  ;  6,  the  loop  proper ;  7,  thick  port  of  tbe  ucending  limb ;  8,  apinl  {mH 
BKeudiiig  limb ;  9,  narroir  ucfmliDg  limb  in  tbe  tnodnllarj  ray ;  14  ' 
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epithelium.  They  vary  considerably  in  size  in  different  jiarts  of 
their  cooraC)  but  nre,  oii  an  average,  ivlioiit  -,;}ix;  of  an  inch  in 
diameter. 

The  nrintferoua  tubulea  are  found  to  bo  made  up  of  several 
diatinot  sections  which  differ  from  one  another  very  markedly, 
both  in  Bitnation  and  atructurc.  According  to  Klein,  the  follow- 
ing segments  may  be  made  out:  (i)  Thr  .Valpiyliian  nrpviKh 
(figs.  317,  3i8),  composed  of  a  hyaline  mcmbriuia  pro[iria,  thickened 


irngular  tabula  ;  11,  tlie  interculatoil  section  of  Rfliweiggor-Scidel,  or  tliii 
uistil  eoDToIntcd  tubule;  tz,  the  curved  collecting  tubule  :  13.  tlii'  ctmi;;!!! 
**>neetii]gtobnIc  oT  the  mcilullur;  rn; ;  14,  th«  collecting  tuU:  or  Uie  boundary 
T^l  IJ,  the  large  collecting  tulie  of  tbc  jnpillaiy  part  wliii'h.  Joining  with 
•^iUr  tnbes,  foriM  the  duct.     (Kletn  and  Noblo  Smith.) 

*  Fig,  Z18.  From  a  Terticil  KCtion  tlii'Oiigh  the  kidney  of  n  do;;— the  r)i]>- 
*^  of  vbich  i*  lupposnl  to  be  on  the  riglit  «.  The  capillnrics  nf  tbc  Mai- 
I°(Uiii  corpuaele—viz.,  tlic  glomcnilox,  nro  aminj^d  iu  Inbulcs  ;  ii,  neck  of 
^^nlt;  e,  convoluted  tubes  cut  in  viirioaa dirci'tiouB  :  b,  i]Te;;iilui'  tubule  ;  d, 
'>  uil  /,  tie  •tniiglit  tnbes  mDning  tonariU  cn]«ule!>  forniiug  it  so-cnllcd 
"iulUay  ray ;  d,  collecting  tuba  ;  e,  i)[iinil  tube  ;  f,  iiari'ow  ecction  of 
■Ktoding  IJDib.      X  3S0.     [Klein  and  Noble  fjniilL.) 
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by  a  varying  amount  of  fibrous  tissue,  and  lined  by  flattened  nu- 
cleated epithelial  plates.     This  capsule  is  the  dilated  extremity 
of  the  uriniferous  tubule,  and  contains  within  it  a  glomerulus  of 
convoluted  capilhuy  blood-vessels  supported  by  connective  tissue, 
and  covered  by  flattened  epithelial  plates.     The  glomerulus  is 
connected  with  an  efferent  and  an  afferent  vessel.     (2)  The  con- 
stricted 7i€ck  of  the  capsule  (flg.  217,  2),  lined  in  a  similar  manner, 
connects   it   with    (3)    The   Proximal    convoluted    tubule,   which 
forms  several  distinct  curves  and  is  lined  with  short  colmnnar 
cells,  which  vary  somewhat  in  size.     The  tube  next  passes  almost 
vertically  downwards,  forming  (4)  The  Spiral  tubule,  which  is  of 
much  the  same  diameter,  and  is  lined  in  the  same  way  as  the  con- 
voluted portion.     So  far  the  .tube  has  been  contained  in  the  cortex 
of  the  kidney,  it  now  passes  vertically  downward  through  the  most 
external  part  (boundary  layer)  of  the  Malpighian  pyramid  into  the 
more  internal  part  (papillary  layer),  where  it  curves  up  sharply, 
forming  altogether  the  (5  and  6)  Loop  of  Henle,  which  is  a  veiy 
narrow  tube  lined  with  flattened  nucleated  cells.  Passing  verti- 
cally upwards  just  as  the  tube  reaches  the  boundary  layer  (7)  it 
suddenly  enlarges  and  becomes  lined  with  polyhedral  cells.    (8) 
About  midway  in  the  boundary  layer  the  tube  again  narrows, 
forming  the  amending  sjnral  of  Henle^s  loop,  but  is  still  lined  wit^ 
polyhedral  cells.     At  the  point  where  the  tube  enters  the  cortc^» 
(9)  the  ascending  limb  narrows,  but  the  diameter  varies  consider 
ably ;  here  and  there  the  cells  are  more  flattened,  but  both  in  X^^^ 
as  in  (8),  the  cells  are  in  many  places  very  angular,  branched,  v^ 
imbricated.     It  then  joins  (10)  The  ^^  irregular  tubule,**  which  t>^ 
a  ver^'  irregular  and  angular  outline,  and  is  lined  with  angu^'- 
and  imbricated  cells.     The  tube  next  becomes  convoluted,  (:^  '' 
forming    the    distal    convoluted    tube   or    intercalated    section        ^^ 
Schweigger-Seidel,    which  is   identical   in   all   respects    with  t>^ 
proximal  convoluted  tube.    (12  and  13)  The  cmred  and  strai^-^ 
collecting  tubes,  the  former  entering  the  latter  at  right  angl^^ 
and  the  latter  passing  vertically  downwards,  are  lined  with  po  J-?' 
hedral,  or  spindle-shaped,  or  flattened,  or  angular   cells.     Tt^^ 
straight  collecting  tube  now  enters  the  boundary  layer,  (14)  a^^ 
passes  on  to  the  papillary  layer,  and,  joining  with  other  collectii?^ 
tubes,  form  larger  tubes,  which  finally  open  at  the  apex  of  tJ^^ 
papilla.  These  collecting  tubes  are  lined  with  transparent  nucleated^ 
columnar  or  cubical  cells  (14,  15,  16). 
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The  cells  of  the  tubules  with  the  exceptioa  of  Hcule'ti  loop  and 
oil  ports  of  the  collecting  tubules,  are,  as  a  rule,  poasessed  of  the 
mtm-nnclear  as  well  as  of  the  intni-cellular  network  of  fibres,  of 
which  the  Tertical  rods  nre  most  conspicuous  pftrts. 

Heidenhftin  obscrred  that  indigo-sulphate  of  sodium,  aud  othor 
pigments  injected  into  the  jugular  vein  of  an  animal,  were  ap- 
parently excreted  by  tbo  cells  which  possegsod  these  rods,  and 
therefore  concluded  that  the  pigment  passca  through  the  cells, 
rods,  and  nucleus,  themselves.  Klein,  however,  believes  that 
tlie  pigment  passes  through  the  intercellular  substances,  and  not 
throt^h  the  cells. 

Fij.  219.* 


In  some  places,  it  ia  stated  tlmt  a' distinct  membrane  of  flattened 
^^^Ua  can  be  made  out  lining  the  lumen  of  the  tubes  {ceiitrotuba/ar 

Blood-Teasels  of  Kidney. — In  coimectiou  with  the  general 
distribution  of  blood-vessels  to  the  liidney,  the  Malpighian  Cor- 
I^Ucc^  may  be  further  considered.     They  (fig.  ji8)  arc  found  only 

*  fig-  219-  TrausTersa  section  of  a  rcnnl  papilln  ;  a,  lurgc^r  tubes  or 
HpilUiy  ducts  j  b,  smaller  tubes  of  Henle  ;  c,  blood-vcssola,  cliBtinguiHhed 
i  V  tbcir  flatter  epitlieliain  ;  i^  nuclei  of  the  atroma.  (Kathlcer.)  x  300. 
L  t  Fig.  33a  Diagram  showiiig  the  relation  of  the  Ma1|nghiiui  bodjr  to  CIic 
I  ^ifdsqa  ducts  and  blood-TCSBels  (after  Bowman)  :  a,  one  of  the  inter)  oliiitnr 
\  'ttriai ;  ti,  aSarent  artery  paaaing  into  tho  glomGniloa  ;  c,  capaule  of  tlie 
J  Valpij^iiaii  body,  fonniag  the  termination  of  and  continuoun  with  I,  the 
I  tube ;  <',  ^,  effereDt  veaseU  which  subdivide  in  the  pleviu  p, 
g  the  tube,  and  finally  terminate  in  the  branch  of  tlie  renal  rein  e. 
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in  the  cortical  part  of  the  kidney,  and  are  confined  to  the  central 
part,  which,  however,  makes  np  about  seven-eighths  of  the  whole 
cortex.  On  a  section  of  the  organ,  some  of  them  are  just  visible 
to  the  naked  eye  as  minute  red  points ;  others  are  too  small  to  be 
thus  seen.  Their  average  diameter  is  about  y^-^  of  an  inch.  Each 
of  them  is  composed,  as  we  have  seen  above,  of  the  dilated  ex- 
tremity of  an  urinary  tube,  or  Malpighian  cap9ul€^  enclosing  a  tuft 
of  blood-vessels. 

The  renal  artery  divides  into  several  branches,  which,  passing 
in  at  the  hilus  of  the  kidney,  and  covered  by  a  fine  sheath  of 
ai'colar  tissue  derived  from  the  capsule,  enter  the  substance  of  the 
oi^n  chiefly  in  the  iuter^'als  between  the  papillie,  and  penetrate 
the  cortical  substance,  where  this  dips  down  between  the  bases 
of  the  pyramids.  Here  they  form  a  tolerably  dense  plexus  of  an 
arched  form,  and  from  this  are  given  off  smaller  arteries  which 
ultimately  supply  the  Malpighian  bodies. 

The  small  afferent  artery  (figs.  218  and  220)  which  enters  the  -^ 
Malpighian  corpuscle  by  perforating  the  capsule,  breaks  up  as  before  -c 
mentioned  in  the  interior  into  a  dense  and  convoluted  and  looped  -M 
capillary  plexus,  which  is  ultimately  gathered  up  again  into  a  single 
small  efferent  vessel,  comparable  to  a  minute  vein,  which  leaves  th( 
Malpighian  capsule  just  by  the  point  at  which  the  afferent  arter 
enters  it.  On  leaving,  it  does  not  immediately  join  other  small  vein^sa 
as  might  have  been  expected,  but  again  breaking  up  into  a  networi 
of  capillary  vessels,  is  distributed  on  the  exterior  of  the  tubule^ 
from  whose  dilated  end  it  had  just  emerged.  After  this  secon 
breaking  up  it  is  finally  collected  into  a  small  vein,  which,  by^ 
union  with  others  like  it,  helps  to  form  the  radicles  of  the  ren*^ 
vein. 

Thus,  in  the  kidney,  the  blood  entering  by  the  renal  artetT 
traverses  ttvo  sets  of  capillaries  before  emerging  by  the  renal  vci^» 
an  arrangement  which  may  be  compared  to  the  portal  system  ^ 
miniatiu"e. 

The  tuft  of  vessels  in  the  course  of  development  is,  as  it  wef^ 
thrust  into  the  dilated  extremity  of  the  urinary  tubule,  wlu^ 
finally  completely  invests  it  just  as  the  pleura  invests  the  lun^^ 
or  the  tunica  vaginalis  the  testicle.     Thus  the  Malpighian  capsu^ 
is  lined  by  a  parietal  layer  of  squamous  cells  and  a  yisceral  C^ 
reflected  layer  immediately  covering  the  vascular  tuft  (fig.  221^^ 


CHAP.  XVI.] 


BLOOD-VESSELS  OF  KIDSEY. 


439 


and  sometimes  dipping  dowu  into  its  interstices.  This  reflected 
layer  of  epithelium  is  readily  seen  in  young  subjecta,  but  cannot 
always  be  demonstrated  in  the  adulL     {See  figs,  mi  and  222), 

Besides  the  amall  aferent  arteries  of  the  Malpighian  lK>dieB, 
there  are,  of  course,  othetB  which  are  distributed  in  the  ordinary 
manner,  for  nutrition's  sake,  to  the  diff'ereut  jiarta  of  the  orgoti ; 
and  in  the  pyramids,  between  the  tubes,  there  are  numerous 
(ibiught  TeBsels,  the  va»ta  recta,  Bupposed  by  some  observers  to  be 
t>anches  of  vata  effereniia  from  Malpighian  bodies,  and  therefore 


^'Xbparable  to  the  venous  plexus  around  the  tubules  in  the 
"•"^ioiii  portion,  while  others  think  that  they  arise  directly  fi^m 
""all  branches  of  the  renal  arteries. 


Fig.  231,  liuuvene  section  of  a  developing  Malpighian  CBpanU  and 
™t  (human)  x  30a  From  a  rtetna  at  about  the  fourth  month  ;  a,  flattened 
™'*  growing  to  form  the  capsule  ;  b,  more  rounded  cells,  continnona  with  the 
™«,  rtflected  roond  e,  and  finally  enveloping  it ;  t,  maaa  of  embryonic  cells 
''*h  will  later  become  developed  into  blood-vesBels  (W.  Pye). 

^  Kg.  222.  Epithelial  elements  of  a  Malpighian  capanla  and  tnft,  with  the 
**nniie*nient  of  a  urinary  tobnlc  showing  the  afferent  and  efferent  Teasel  ; 
^  "Ter  of  teaselated  epithelium  forming  the  capsule;  b,  aimilar,  but  ratlicr 
'^^  epithelial  cells,  placed  in  the  walls  of  the  tube  ;  c,  cells,  covering  the 
*'**>k  of  the  capillary  tuR ;  d,  commencement  of  the  tnbule,  somewhat 
Mmnnr  tlwn  the  rert  of  it  (W.  Pye). 
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Between  the  tubes,  vessels,  etc.,  which  make  up  the  substanoe 
of  the  kidney,  there  exists,  in  small  quantity,  a  fine  matrix  of 
areolar  tissue. 

NervoB. — The  nerves  of  the  kidney  are  derived  from  the  renal 
plexus. 

Structure  of  the  UreterB. — The  duct  of  the  kidney,  or  ureter, 
is  a  tube  about  the  size  of  a  goose-quill,  and  from  a  foot  to  sixteen 
inches  in  length,  which,  continuous  above  with  the  pelvis  of  the 
•kidney,  ends  below   by  perforating  obliquely  the   walls   of  the 
bladder,  and  opening  on  its  internal  surface.     It  is  constructed  of 
three   principal  coats,  (a)  an   outer,  tough,  fibrouB    and    elastic 
coat ;  (6)  a  middle,  muscular  coaty  of  which  the  fibres  are  un- 
striped,  and  ai*rauged  in  three  layers — the  fibres  of  the  central 
layer  being  circular,  and  those  of  the  other  two  longitudinal  in 
direction ;  and  (c)  an  internal  mucous  lining  continuous  with  that 
of  the  pelvis  of  the  kidney  above,  and  of  the  urinary  bladder 
below.      The   epithelium   of  all   these   parts   (fig.  223)  is   alike 
stratified  and  of  a  somew^hat  peculiar  form  ;  the  cells  on  the  free 
surface  of  the   mucous   membrane  being  usually  spheroidal  or 
polyhedral   with  one   or   more   spherical    or   oval   nuclei ;   while 
beneath  these  are  pear-shaped  cells,  of  which  the  broad  ends  are 
directed  towards  the  free  surface,  fitting  in  beneath  the  cells  of 
the  first  row,  and  the  apices  are  prolonged  into  processes  of  various 
lengths,  among  which,  again,  the  deepest  cells  of  the  epitheliun*^ 
arc  found  spheroidal,  irregularly  oval,  spindle-shaped  or  conical. 

Structure  of  Urinary  Bladder. — The  Urinary  bladder,  whid*- 
forms  a  receptacle  for  the  temporary  lodgment  of  the  urine  in  tb.^ 
inten'als  of  its  expulsion  from  the  body,  is  more  or  less  pyrifomc^^ 
its  widest  part,  which  is  situate  above  and  behind,  being  term 
the  fundus;  and  the  narrow  constricted  portion  in  front  an 
below,  by  which  it  becomes  continuous  with  the  urethra,  bcin 
called  its  cervix  or  nech 

It   is   constructed   of  four   principal   coats, — serous^   muAculai^'^ 
areolar  or  suhmucouSy  and  mucous. 

(a)  The  serous  coat,  which  covers  only  the  posterior  and  upper:^ 
half  of  the  bladder,  has  the  same  structure  as  that  of  the  per 
toneum,  with  which  it  is  continuous. 

(6)  The  fibres  of  the  musadar  coat,  which  are  unstriped, 
arranged  in  three  principal  layers,  of  which  the  external  an 
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intam&l  (EIIIb)  have  a  general  lougitudiDal,  and  the  middle  Uyer 
a  circular  direction.  The  latter  ore  especially  developed  around 
the  oernix  of  the  organ,  and  are  described  as  forming  a  gpMn^er 

According  to  Dr.  Fettjgrew,  the  muscular  fibres  of  the  bladder, 
like  those  of  the  stomach,  are  arranged  not  in  simple  circles,  but 
in  figure-of-8  loops. 

(c)  The  areolar  or  sabmucoug  coat  is  constructed  of  oonnective 
tissue  with  a  large  proportion  of  elastic  fibres. 

{d)  The  mucoui  membrane,  which  is  rugose  in  the  icontroctfid 

Fig.  223.* 


*^  of  the  organ,  does  uot  difl'ur  in  essential  structure  &om 
KWcDm  membranes  in  general.  Its  epithelium  is  stratified  and 
"•wely  resembles  that  of  the  pelvis  of  the  kidney  and  the  ureter 
(fi&  123). 

^■>e  mucous  membrane  is  provided  with  mucous  glands,  wliich 
**«  more  numerous  near  the  neck  of  the  bladder, 

"i6  bladder  is  well  provided  with  blood-  and  lymph- vessels, 
"^  ^th  nerves.  The  latter  are  branches  from  the  sacral  plexus 
f'piiial)  tad  hypogastric  plexus  {sympathetic).  A  few  ganglion- 
'*"»  are  found,  here  and  there,  in  the  course  of  the  nerve-fibres, 

Aoonmulation  of  Urine  in  the  Bladder. — As  each  portion 
''irine  is  secreted,  it  propels  that  which  is  already  in  the  tubes 
"•"■wig  iuto  the  pelvis  of  the  kidney.  Thence  through  the 
"'s'ct  the  urine  passes  into  the  bladder,  into  which  its  rate  and 

j  %sa3.  Epitbelioio  of  tlis  bladder ;  a.onaof  thocelUof  thefirelrow  ; 
<>  cell  of  the  sKond  row ;  e,  cells  in  tUu,  of  first,  second,  aud  deepest  Inyers 
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mode  of  entrance  has  been  watched  in  cases  of  ectopia  vedcoBy  ue.y 
of  such  fissures  in  the  anterior  or  lower  part  of  the  walls  of  the 
abdomen,  and  of  the  front  wall  of  the  bladder,  as  exposed  to  view 
its  hinder  wall  together  with  the  orifices  of  the  ureters.  Some 
good  observations  on  such  cases  were  made  by  Mr.  Erichseu. 
The  urine  docs  not  enter  the  bladder  at  any  regular  rate,  nor  is 
there  a  synchronism  in  its  movement  through  the  two  ureters. 
During  fasting,  two  or  three  drops  enter  the  bladder  ereiy  minute, 
each  drop  as  it  enters  first  raising  up  the  little  papilla  on  which, 
in  these  caSes,  the  ureter  opens,  and  then  passing  slowly  through 
its  orifice,  which  at  once  again  closes  like  a  sphincter.  In  the 
recumbent  posture,  the  urine  collects  for  a  little  time  in  the 
ureters,  then  flows  gently,  and,  if  the  body  be  raised,  runs  firom 
them  in  a  stream  till  they  are  empty.  Its  flow  is  increased  in 
deep  inspiration,  or  straining,  and  in  active  exercise,  and  in  fifteen 
or  twenty  minutes  after  a  meaL 

The  urine  collecting  is  prevented  from  regiu^itation  into  the 
ureters  by  the  mode  in  which  these  pass  through  the  walls  of  the 
bladder,  namely,  by  their  lying  for  between  half  and  three-quarters 
of  an  inch  between  the  muscular  and  mucous  coats,  before  they 
turn  rather  abruptly  forwards,  and  open  through  the  latter  into 
the  interior  of  the  bladder. 

Micturition. — The  mechanism  by  which  the  act  of  mictiu-itiot^ 
is  performed,  closely  resembles  that  of  defsecation  (p.  350).     In  ^ 
far  as  it   is  a  voluntary  act,  it  is  performed   by  means   of  tb<^ 
abdominal  and  other  expiratory  muscles,  which  in  their  contrt*^' 
tion,  as  before  explained,  press  on  the   abdominal  viscera,  ^^^ 
diaphragm  haing  faced,  and  cause  the  expulsion  of  the  contents  ^ 
those  whose  sphincter  muscles  are  at  the  same  time  relaxed,     'f^ 
muscular  coat  of  the  bladder  co-operates,  in  micturition,  by  red ^^ 
inmluntary  action,  with  the  abdominal  muscles ;  and  the  act^    ^ 
completed  by  the  accelerator  uriiuje  which,  as  its  name   impl»^ 
quickens  the  stream,  and  expels  the  last  drops  of  urine  from  '^ 
urethra, 

nervous  centre  in  the  lumbar  spinal  cord,  through  which,  a^   ^ 
the  case  of  the  similar  centre  for  defoecation,  the  various  musciJ>^ 
actions  which  residt  in  the  emptying  of  the  bladder  are  harmonis^^^ 
The  initial  impulse  is  usually  voluntary,  and  therefore,  of  cout^' 
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starts  from  the  cerebrum  ;  but  the  act  may  be  reflexly  mduced,  e.  g,j 
in  children  who  suffer  from  intestinal  worms  or  other  such  irrita- 
tion.  Generally  the  afferent  impidse  which  calls  into  action  the 
desire  to  micturate  is  excited  by  over-distension  of  the  bladder,  or 
oven  by  a  few  drops  of  urine  passing  into  the  urethra. 

For  inflnence  of  nervous  system  on  micturition,  see  also  Chapter  on  the 
Nerroos  System. 

The  XJrine, 
Physioal  Properties. — Healthy  urine  is  a  perfectly  transparent, 
amber-coloiu'ed  liquid,  with  a  peculiar,  but  not  disagreeable  odoiu*, 
a  bitterish  taste,  and  slight  acid  re-action.  Its  specific  gravity 
varies  from  1015  to  1025.  On  standing  for  a  short  time,  a  little 
mucus  appears  in  it  as  a  flocculent  cloud. 

Chemical  OompositioxL— The  iu*ine  consists  of  water,  hold- 
ing in  solution  certain  organic  and  saline  matters  as  its  ordinary 
oonstituents,-  and  occasionally  various  matters  taken  into  the 
stomach  as  food — salts,  coloiu'ing  matter,  and  the  like. 

Analysis  (modified  from  Becquerel). 

Water 967 

Urea •        .        .  14*230 

Other  nitrc^enous  crystalline  bodies — 

Uric  acid,  principally  in  the  form  of  alka. 

line  urates,  a  trace  only  free. 
Kreatin,  kreatinin,  xanthin,  hypoxanthin.  )        I0'635 
Hippuric  acid,  lencin,  tyrosin,  taurin,  cys- 

tln,  &c.,  all  in  small  amounts  and  not 

constant. 
Mucus  and  pigment 

Salts:— 

Inorganic —  v 

Principally  sulphates,  phosphates  and  chlo- 
rides of  sodium,  and  potassium,  with 
phosphates  of  magnesium  and  calcium, 
traces  of  silicates  of  and  chlorides. 

Organic — 

Lactates,  hippurates,  acetates  and  formates, 
which  only  appear  occasionally     . 

8agar a  trace. 

Oases  (nitrogen  and  carbonic  acid  principally). 


►        8-135 
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Soaotlon  of  the  Urine. — As  mentioned  above,  the  normal 


444  THE   KIDNEYS   AND    URINE.  [chap.  XYt 

reaction  of  the  urine  is  slightly  acid.  This  acidity  is  due  to  acid 
phosphate  of  sodium.  The  mine  contains  no  appreciable  amount 
of  free  acid,  as  it  gives  no  precipitate  with  sodium  hyposulphite 
(Happart).  After  standing  for  some  time  the  acidity  increases 
from  a  kind  of  fermentation,  due  in  all  probability  to  the  presence 
of  mucus,  and  acid  urates  or  free  luic  acid  is  deposited.  After  a 
time,  varying  in  length  according  to  the  temperature,  the  reaction 
becomes  strongly  alkaline  from  the  change  of  urea  into  ammonium 
carbonate — while  at  the  same  time  a  strong  ammoniacal  and  fcctid 
odour  appears,  with  deposits  of  tiiple  phosphates  and  alkaline 
urates.  As  this  does  not  occur  unless  the  urine  is  exposed  to  the 
air,  or,  at  least,  until  air  has  had  access  to  it,  it  is  probable  that 
the  decomposition  is  due  to  atmospheric  germs. 

Reaotion  of  Urine  in  different  classes  of  Animals.— in  most 

herbivorous  animals  the  urine  is  alkaliue  and  turbid.  The  differeDce  dependSi 
not  on  any  peculiarity  in  the  mode  of  secretion,  but  on  the  differences  in  the 
food  on  which  the  two  classes  subsist :  for  when  carnivorous  animal^ 
such  as  dogs,  are  restricted  to  a  vegetable  diet,  their  urine  becomes 
pale,  turbid,  and  alkaline,  like  that  of  an  herbivorous  animal,  bat 
resumes  its  former  acidity  on  the  return  to  an  animal  diet ;  while  the  urine 
voided  by  herbivorous  animals,  c.^.,  rabbits,  fed  for  some  time  exclusii'dy 
upon  animal  substances,  presents  the  acid  reaction  and  other  qualities  of  the 
urine  of  Camivora,  its  ordinary  alkalinity  being  restored  only  on  the  wb- 
stitution  of  a  vegetable  for  the  animal  diet  (Bernard).  Human  urine  is no^ 
usually  rendered  alkaline  by  vegetable  diet,  but  it  becomes  so  after  the  free 
use  of  alkaline  medicines,  or  of  the  alkaline  salts  with  carbonic  or  v^taW* 
acids ;  for  these  latter  are  changed  into  alkaline  carbonates  previons  to 
elimination  by  the  kidneys. 

Colour  of  the  Urine. — When  the  urine  is  concentrated  i^ 
colour  is  deeper  than  when  it  is  of  low  density.  The  colour  ^ 
due  in  gieat  part  to  a  single  pigment,  urochrome  (Thudichuin)f 
but  othei*s  occur  under  some  circumstances,  nrohilin,  and  ^ 
erythrin,  the  latter  being  a  fine  sandy  red — Indican  also  is  occ*' 
sionally  present 

Average  quantity  of  the  chief  constituents  of  the  Uri2>^ 
excreted  in  24  hours  by  healthy  male  adults  (Farkes)* 

Water 52*      fluid  ounces. 

Urea 512*4    grains. 

Uric  acid 8*5         „ 

Hippuric  acid,  uncertain  probably  10  to  15. 

Sulphuric  acid 31 'ii 

Phosphoric  acid 45* 


?» 
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Chlorides  of  Potassiam,  Sodium  and  Ammo< 
niam,  and  free  Chlorine  .... 

Lime 

Magnesia 

Mncns      ....... 

''  Krcatin  ^ 

Ereatinin 
Extractires    ^  Pigment 

Xanthin  y 

Hypoxanthin  I 

Eesinoos  matter,    | 

kc,  ) 


323*25  grains. 


35 

3* 

7' 


154- 


>' 


1} 


?> 


Variations  in  Quantity  of  solids. — From  these  proportions, 

Ixoweyer,  most  of  the  constituents  are,  even  in  health,  liable  to 

variations.     The  water  is  especially  so.     Its  variations  in  different 

8easonSy  and  according  to  the  quantity  of  drink  and  exercise,  havp 

already  been  mentioned.     It  is  also  liable  to  be  influenced  by  the 

condition  of  the  nervous  system,  being  sometimes  greatly  increased 

in  hysteria,  and  some  other  nervous  affections ;  and  at  other  times 

diminished.     In  some  diseases  it  is  enormously  increased ;  and  its 

increase  may  be  either  attended  with  an  augmented  quantity  of 

solid  matter,  as  in  ordinary  diabetes,  or  may  be  nearly  the  sole 

change,  as  in  the  affection  termed  diabetes  insipidus.     In  other 

diseases,  e.^.,  the  various  forms  of  albuminuria,  the  quantity  may 

be  considerably  diminished.     A  febrile  condition  almost  always 

dioiinishes  the  quantity  of  water ;  and  a  like  diminution  is  caused 

by  any  affection  which  draws  off  a  large  quantity  of  fluid  from  the 

"^y  through  any  other  channel  than  that  of  the  kidneys,  e,g,,  the 

^ela  and  the  skin. 


^'^othod  of  estimating  the  Solids. — ^A  useful  rule  for  approxi- 

l"*^/  estimating  the  total  solids  in  any  given  specimen  of  healthy  urine 
^  to  multiply  the  last  two  figures  representing  the  si)ecific  gravity  by  2.33. 
^^  in  urine  of  sp.  gr.  1025,  2*33  x  25  =58*25  grains  of  solids,  are  containcxl 
^  ^000  grains  of  the  urine. 

^  using  this  method  it  must  be  remembered  that  the  limits  of  error  are 
^Qch  wider  in  diseased  than  in  healthy  urine. 

Variations  in  the  specifLe  gravity.— The  specific  gravity  of 
^le  human  urine  la  about  1020.  Probably  no  other  animal  fluid 
I*e8ent8  so  many  varieties  in  density  within  twenty-four  hours  as 
fte  urine  does ;  for  the  relative  quantity  of  water  and  of  solid 
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constituents  of  which  it  is  composed  is  materiallj  influenoed  by  the 
condition  and  occupation  of  the  body  during  the  time  at  which  it 
is  secreted,  by  the  length  of  time  which  has  elapsed  since  the  last 
meal,  and  by  several  other  accidental  circumstances.     The  exist- 
ence of  these  causes  of  difference  in  the  compoeition  of  the  urine 
has  led  to  the  secretion  being  described  imder  the  three  heads  of 
vrina  mnguiim,  nrina  potuSy  and  urini  cihi.     The  first  of  these 
names  signifies  the  urine,  or  that  part  of  it,  which  is  secreted 
from  the  blood  at  time^  in  which  neither  food  nor  drink  has  been 
recently  taken,  and  is  applied  especially  to  the  urine  which  is 
evacuated   in  the  morning  before  brcakfost     The  terms  urina 
]kUi8  indicates  the  urine  se<x«ted  shortly  after  the  introduction  of 
any  considerable  quantity  of  fluid  into  the  body  :  and  the  uritn 
cihiy   the    portions  secreted  during  the  period  immediately  suc- 
ceeding a  meal  of  solid  food.     The  last  kind  contains  a  hii;ger 
quantity  of  solid  matter  than  either  of  the  others ;  the  first  or 
second,  being  largely  diluted  with  water,  possesses  a  comparatirelr 
low  specific  gravity.     Of  these  three  kinds,  the  morning  urine  is  the 
l)e8t  calculated  for  analysis,  since  it  represents  the  simple  secretion 
unmixed  with  the  elements  of  food  or  drink ;  if  it  be  not  used, 
the  whole  of  the  urine  passed  during  a  period  of  twenty-four  hours 
should  be  taken.     In  accordance  with  the  various  circumstaooes 
above-mentioned,   the   specific  gravity  of  the   mnne   may,  coo* 
sistently  with  health,  range  widely  on  both  sides  of  the  u«nsl 
average.     The  average  healthy  range  may  be  stated  at  from  loiS 
in  the  winter  to  1025  in  the  summer,  and  variations  of  dietw^ 
exercise  may  make  as  great  a  difference.     In  disease,  the  variation 
may  be  greater ;  sometimes  descending,  in  albuminuria,  to  ioo4* 
and  frequently  ascending  in  diabetes,  when  the  urine  is  loaded 
with  sugar,  to  T050,  or  even  to  1060. 

Quantity. — Total  quantity  of  urine  passed  in  tweuty-fo^ 
hours  is  affected  by  numerous  circumstances.  On  taking  the  rss^ 
of  many  observations  by  several  experimenters.  Dr.  Parkes  fbtu*** 
that  the  average  quantity  voided  in  twenty-four  hours  by  heJ*^/ 
male  adidts  from  20  to  40  years  of  age,  amounted  to  52i  i^^^ 
oimces. 

Abnormal  Constituents. — In  disease,  or  after  the  ingesti^^ 
of  special  foods,  various  abnormal  substances  occur  in  urine  01 
which  the  following  may  be  mentioned — serum-albumin,  globo^^ 
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ferments  (apparently  present  in  health  also),  sugar,  bile  acids,  and 
bile  pigments,  casts,  fats,  oxalates,  various  salts  taken  as  medicine, 
and  other  substances. 


The  Secretion  of  Urine. 

As  certain  of  the  urinary  constituents  exist  ready  formed  in  the 
the  blood,  and  others  are  not  to  any  large  extent  found  there,  the 
functions  of  the  kidney  are  probably  of  two  kinds,  (i.)  Filtration, — 
The  water  and  the  ready-formed  salts  are  in  all  probability  simply 
separated  by  the  kidney  from  the  blood,  by  a  process  of  filtration, 
whereas  the  other  constituents  are  most  likely  manufactured. 
(2.)  True  Secretion  by  the  kidney  from  certain  substances  brought 
to  it  in  the  circulating  current  This  division  of  function  corre- 
sponds more  or  less  to  the  division  in  the  functions  of  other  glands 
of  which  we  have  already  treated.  It  will  be  as  well  to  consider 
them  separately. 

(i.)  Simple  Filtration, — According  to  Bowman,  this  part  of  the 

Tenal  function  is  performed  within  the  Malpighian  corpuscles  by 

the  renal  glomeruli.     By  it  not  only  the  water  is  strained  off,  but 

also,  as  mentioned  above,  certain  other  constituents  of  the  iwinc, 

€.^.,  chloride  of  sodium,  are  separated.     The  amount  of  the  fluid 

filtered  oflf  depends  upon  various  circumstances,  of  which  the 

following  are  the  chief : — 

(a.)  Blood  Pressure  in  tlie  renal  capillaries, — The  greater  the 
blood-pressure  in  the  arterial  system  generally,  and  consequently 
^  the  renal  arteries,  the  greater,  casteris  paribus,  will  be  the 
^DMttitity  of  urine  secreted  ;  and  also  if  the  renal  arteries  be 
locally  dilated,  the  pressure  in  the  capillaries  will  be  increased. 
On  diminution  of  the  local  blood-pressure  the  amount  of  fluid  is 
^  leasened  (Roberts). 

All  the  numerous  causes  which  affect  the  blood-pressure  (p.  179) 
^11  of  course  secondarily  affect  the  secretion  of  urine.  Of  these 
^  heart's  action  is  amongst  the  most  important  When  its  con- 
**^ion8  are  increased  in  force  (as  in  cases  of  hypertrophy)  in- 
^"^Wed  diuresis  is  the  result.  Similarly,  causes  which  lower  the 
""^•pressure,  e.^.,  enfeebled  action  of  the  heart,  great  loss  of 
"«^,  Ac,  greatly  diminish  the  quantity  of  urine. 

(i)  Season  of  the  Year, — It  is  a  matter  of  familar  observation 
wit  fflnch  less  urine  is  passed  in  summer  than  in  winter,  and  this 
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Ih  doubtless  to  be  attributed  partially  to  the  copious  elimination 
of  \s'ater  by  the  skin  in  the  form  of  sweat  which  occurs  in 
summer,  as  contrasted  with  the  greatly  diminished  functional 
activity  of  the  skin  in  winter,  but  also  to  the  dilated  condition  of 
the  vessels  of  the  skin  causing  a  decrease  in  the  general  blood- 
pressure. 

Thus  we  see  that  in  regiu-d  to  the  elimination  of  water  from  the 
system,  the  skin  and  kidneys  perform  similar  fimctions,  and  are 
capable  to  some  extent  of  acting  vicariously,  one  for  the  other. 
Their  relative  activities  are  inversely  proportional  to  each 
other. 

The  quantity  of  urine  passed  in  summer  is  smaller,  but  its 
specific  gravity  is  usually  higher  than  that  of  the  urine  in  winter. 

(c)  Period  of  Day — Meals,  dr. — The  results  obtained  by  Dr. 
Roberts  from  a  scries  of  experients,  are  summed  up  as  follows : — 
"The  renal  excretion   is   increased   after  meals  and  diminishccX 
during  fasting  and  sleep.     The  increase  began  within  the 
hour  after  breakfast,  and  continued  during  the  succeeding  two 
three  hours ;  then  a  diminution  set  in,  and  continued  imtil  at 
hour  or  two  after  dinner.     The  effect  of  dinner  did  not  a] 
until  two  or  three   hours  after  the   meal ;  and   it  reached  i 
maximum  about  the  foiu*th  hoiu*.     From  this  period  the  excretioe::^ 
steadily  decreased  until  bed-time.    During  sleep  it  sank  still  lower^:^ 
and  reached  its  minimum — being  not  more  than  one-third  of  th^?" 
quantity  excreted  during  the  hours  of  digestion.     The  increaaed 
amount  of  urine  passed  after  drinking  large  quantities  of  fluid 
probably  depends  upon  the  diluted  condition  of  the  food  allowinjT 
easy  filtration." 

(d.)  Influence  of  the  Nervous  System, — Division  of  the  spinal  coA 
by  producing  general  vascular  dilatation,  causes  a  great  diminutioii 
of  blood  pressure,  and  so  diminishes  the  amoimt  of  water  peffd* 
since  the  local  dilatation  in  the  renal  arteries  is  not  sufficient  t^ 
counteract  the  general  diminution  of  pressui*e.  Stimulation  of  the 
cut  cord  produces,  strangely  enough,  the  same  residts  in  a  diflferent 
way,  I.  e.,  by  constringing  the  arteries  generally,  and,  among  oth«'*' 
the  renal  arteries.  Diminution  of  blood-pressure  results  from  th<^ 
local  resistance  in  the  renal  arteries  being  more  potent  to  diiniiu>^ 
blood-pressure  in  the  glomeruli  than  the  general  increaae  ^ 
blood-pressure  to  increase  it.    Section  of  the  renal  nerves  or  of 
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any  others  which  produce  local  dilatation  without  greatly  dimin- 
ishing the  general  blood-pressure  will  increase  the  quantity  of 
fluid  passed. 

(2.)  True  Secretion  hy  tlie  Kidney, — This  part  of  the  function  of 
the  kidney,  although  it  must  be  affected  by  it  to  a  certain  extent, 
is  apparently  not  directly  dependent  upon  blood- pressure  ;  for  a 
copious  secretion  of  urine  may  be  produced  experimentally,  after 
the  blood-pressure  has  been  much  diminished,  by  the  introduction 
of  certain  substances,  as  urea  and  water,  into  the  blood.  As  mentioned 
before,  Heidenhain  has  shown  that  indigo-carmine  is  eliminated 
from  the  blood  by  means  of  the  renal  epithelium  of  the  convoluted 
tubes ;  and  there  is  considerable  experimental  proof  that  the  urea 
and  certain  other  solids  of  the  urine  are  secreted  in  the  same  way. 
By  using  the  kidney  of  a  newt,  which  has  two  vascular  supplies, 
one  to  the  glomeruli,  and  the  other  to  the  convoluted  tubes,  Nuss- 
baum  has  shown  that  certain  substances,  tf.^.,  sugar,  are  filtered  off 
with  water  by  the  glomeruli,  and  that  certain  others,  e,g.y  urea,  are 
eliminated,  unlike  sugar  and  some  other  substances,  by  the  con- 
voluted tubes,  even  when  the  renal  arteries  which  supply  the 
glomeruli  are  tied.  From  these  and  other  circiunstances,  we  are 
led  to  the  conclusion  that  the  secretion  of  water  which  accompanies 
the  elimination  of  urea  and  such  like  bodies  is  due,  not  merely  to 
filtration  through  the  glomeruli,  but  also  to  the  direct  stimulation 
of  the  cells  by  these  substances  contained  in  the  blood.  To  sum 
up,  then,  the  relation  of  the  two  functions:  (i.)  The  process  of 
filtration  which  is  directly  dependent  upon  blood-pressiu'e,  is  pro- 
bably accomplished  by  the  renal  glomeruli,  and  is  accompanied  by 
a  free  discharge  of  solids  from  the  tubules ;  the  main  reason  of  the 
filtration  is  the  necessity  of  getting  rid  of  the  excess  of  fluid  of  the 
blood.  (2.)  The  process  of  -secretion  is  only  indirectly  dependent 
upon  blood-pressure,  is  probably  accomplished  in  the  convoluted 
tubes,  and  is  sometimes  accompanied  by  the  elimination  of  copious 
fluid,  produced  by  the  chemical  stimulation  of  the  epithelimn. 

The  Solids  of  the  Urine. 

Urea. — (CH^N,0.) — Urea  is  the  principal  solid  constituent  of 
the  urine,  forming  nearly  one-half  of  the  whole  quantity  of  solid 
matter.  It  is  also  the  most  important  ingredient,  since  it  is  the 
chief  substance  by  which  the  nitrogen  of  deoomposed  Ua&\x<^  ^\A 
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BTiperfluous  food  is  excreted  from  the  body.  For  its  removal,  the 
secretion  of  urine  seems  especiallj  provided  ;  and  by  its  retention 
iu  the  lilood  the  most  pernicious  effects  are  produced. 


Properties. — Urea,  like  the  other  solid  constituents  of  the 
urine,  esiats  in  a  state  of  solution.  But  it  may  be  procnied  in  tU 
sohd  state,  and  then  appears  in  the  form  of  delicate  silvery  acimlw 
crystals,  which,  under  the  microscope,  appear  as  four-sided  jiriaa' 
(fig.  2  24).  It  is  obtained  in  this  state  by  evaporating  urine  'J*'*' 
fully  to  the  consistence  of  honey,  acting  on  the  inspissated  !»• 
with  four  parte  of  alcohol,  then  evaporating  the  alcoholic  Bolatia>i 
and  piu-ifying  the  residue  by  repeated  solution  in  water  or  alcoboli 
and  finally  allowing  it  to  crystallize.  It  readily  combines  with  M" 
acid,  like  a  weak  base  ;  and  may  thus  be  conveniently  procnn^i' 
the  form  of  a  nitrate,  by  adding  about  half  a  drachm  of  poW 
nitric  acid  to  double  that  quantity  of  urine  in  a  watch  glass.  Tba 
crj-stals  of  nitrate  of  urea  arc  formed  more  rapidly  if  the  nnM 
have  been  previously  concentrated  by  evaporation. 

Urea  ia  colourless  when  pure  ;  when  impure,  yellow  or  browii' 
without  smell,  and  of  a  cooling,  nitre-like  taste  ;  has  neither  U 
acid  nor  an  alkaline  rc-action,  and  deliquesces  in  a  moist  ■o' 
warm  atmosphere.  At  59°  F.  it  requires  for  its  solution  leffi  thtf 
its  weight  of  water ;  it  is  dissolved  in  all  proportions  by  ha6t4 
water;  but  it  requires  five  times  its  weight  of  cold  alcohol  for* 
solution.     At  248°  F.  it  melts  without  undergoing  decompositicAi 

*  Fig.  234.    CiystalB  of  Um. 
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11  higher  temperature  ebullition  takes  place,  and  carbonate 
donium  sublimes ;  the  melting  mass  gradually  acquires  a 
consistence  ;  and,  if  the  heat  is  carefully  regulated,  leaves  a 
lite  powder,  cyanic  acid. 

mioal  nature  of  XJrea. — The  chemical  nature  of  urea  is 
9d  in  the  Appendix,  but  it  will  be  as  well  to  mention  here 
rea  is  isomeric  with  cyanate  of  ammonium,  and  was  first 
lly  produced  by  Wohler  from  this  substance.     Thus  : — 

Ammoniam  Cyanate.  Urea. 

NH^.  CNO  =  CH^N,0. 

Lction  of  heat  upon  urea  in  evolving  carbonate  of  ammonium, 
ving  cyanic  acid,  is  thus  explained.  A  similar  decomposi- 
ihe  urea  with  development  of  carbonate  of  ammonium  ensues 
leously  when  urine   is  kept  for  some   days   after  being 

and  explains  the  ammoniacal  odour  then  evolved  (p.  444). 
orobable,  that  this  decomposition   is   accelerated  by  the 

and  other  animal  matters  in  the   urine,  which,  by   be- 

putrid,  act  the  part  of  a  ferment  and  excite  a  change  of 
ition  in  the  surrounding  compounds.  The  urea  is  some- 
eoomposed  before  it  leaves  the  bladder,  when  the  mucous 
me  is  diseased,  and  the  mucus  secreted  by  it  is  both  more 
nt  and,  probably,  more  prone  to  act  as  a  ferment ;  although 
omposition  does  not  often  occur  unless  atmospheric  germs 
id  access  to  the  urine. 

lations  in  the  quantity  of  XJrea. — The  quantity  of  urea 
i  is,  like  that  of  the  xinno  itself,  subject  to  considerable 
m*  For  a  healthy  adult  500  grains  per  diem  may  be  taken 
sr  a  high  average.  Its  percentage  in  healthy  urine  is  i  '5  to 
t  is  materially  influenced  by  diet,  being  greater  when  animal 
exclusively  used,  less  when  the  diet  is  mixed,  and  least  of 
I  a  vegetable  diet.  As  a  rule,  men  excrete  a  larger  quantity 
omen,  and  persons  in  the  middle  periods  of  life  a  larger 
y  than  infants  or  old  people  (Lecauu).  The  quantity  of 
»reted  by  children,  relatively  to  their  body-weight,  is  much 

than  in  adults.  Thus  the  quantity  of  urea  excreted  per 
01  of  weight  was  in  a  child  o*8  grm.  :  in  an  adult  only 

ided  in  this  way,  the  excretion  of  carbonic   acid  gives 

Q  o  2 
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similar  results,  the  proportions  in  the  child  and  adult  being  as 
82  :  34. 

The  quantity  of  urea  does  not  necessarily  increase  and  decrease 
with  that  of  the  urine,  though  on  the  whole  it  would  seem  that 
whenever  the  amount  of  urine  is  much  augmented,  the  quantity 
of  urea  also  is  usually  increased  (Becquerel)  ;  and  it  appears  from 
observations  of  Genth,  that  the  quantity  of  urea,  as  of  urine,  may 
be  especially  increased  by  drinking  large  quantities  of  water.  In 
various  diseases  the  quantity  is  reduced  considerably  below  the 
healthy  standard,  while  in  other  affections  it  is  above  it. 

XSstimation  of  Urea. — A  convenient  apparatus  for  estimating  the 
quantity  of  urea  in  a  given  sample  of  urine  is  that  devised  by  Dp,  Biusell 
and  Dr.  S.  H.  West. 

Urea  contains  nearly  half  its  weight  of  nitrogen  ;  hence  this  gas  maj  ^ 
taken  as  a  measure  of  the  urea.    A  small  quantity  of  urine  is  mixed  with  a 
large  excess  of  solution  of  hypobromite  of  soda,  which  completely  decom- 
poses the  urea,  liberating  all  the  nitrogen  in  a  gaseous  form  :  a  gentle  hc»* 
promotes  the  reaction.    The  percentage  of  urea  can  of  course  be  readilj  ca^' 
culated  from  the  volume  of  nitrogen  evolved  from  a  measured  quantity  o* 
the  urine,  but  this  calculation  is  avoided  by  graduating  the  tube  in  whi<^:^- 
^  the  nitrogen  is  collected  with  numbers  which  indicate  the  correspondiB.^ 
percentage  of  urea. 

CON^H,   +   3NaBrO  +   2NaHo  =  sNaBr  +  3H,0  +  Na.CO,  +  NV 

Origin  of  Urea. — The  lu-ea  appears  to  be  derived  from  tw 
different  sources,  (i.)  That  it  is  derived  in  part  from  the  w^^ 
assimilated  elements  of  nitrogenous  foody  circulating  with  the  bloo(^^ 
is  shown  in  the  increase  which  ensues  on  substituting  an  anintf^^ 
or  highly  nitrogenous  for  a  vegetable  diet ;  in  the  much  laige:^ 
amount,  nearly  double,  excreted  by  Camivora  than  Herbivor^^ 
independent  of  exercise ;  and  in  its  diminution  to  about  one^ai^^ 
diu*ing  starvation,  or  during  the  exclusion  of  non-nitrogenoa^^ 
principles  of  food.  The  presence  of  a  considerable  amount  of  leuci:::^ 
and  tyrosin  as  products  of  the  pancreatic  digestion  of  a  large  me^^ 
of  proteids,  and  also  the  appearance  of  an  excess  of  urea  in  th*--"* 
urine  under  the  same  circumstances  render  it  likely  that  leuci-^ 
and  tyrosin  are  the  antecedents  of  food-urea.  If  these  bodi^^ 
are  changed  into  urea  the  change  in  all  probability  takes  plac^^ 
in  the  liver.  It  is  also  probable  that  in  that  organ  urea  tJ^ 
formed  directly  fit)m  the  albuminoids  brought  to  it  and  froi^ 
the  bodies,  especially  kreatin  and  kreatinin,  which  arise  frw*^ 
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the  waste  of  muscle  and  other  tissues,  (z.)  But  that  it  is  in  part 
derived  from  the  dinntegration  of  the  timta,  is  shown  by  the  foot 
that  it  contiuues  to  be  excreted,  though  in  smaller  quantity  than 
asuol,  when  all  nitrogenous  substances  are  strictly  excluded  from 
the  food,  as  whea  the  diet  consists  for  several  days  of  sugar,  starch, 
gum,  oil,  and  similar  non-nitrogenous  vegetable  substances  (Leh- 
maun).  It  is  excreted  also,  even  though  no  food  at  all  be  taken 
for  a  considerable  time ;  thus  it  is  found  in  the  urine  of  reptiles 
vhich  have  fasted  for  months ;  and  in  the  urine  of  a  madman, 
who  had  fasted  eighteen  days,  Lassaigne  found  both  urea  and  all 
the  components  of  healthy  urine.  Probably  all  the  nitrogenous 
tissues  furnish  a  share  of  urea  by  their  decomposition. 

Eflbet  of  Exeroiae. — It  hoa  been  commonly  taken  for  granted 
that  the  qiuuitity  of  urea  in  the  urine  is  greatly  increased  by 
active  exercise ;  but  numerous  observcra  have  failed  to  detect 
more  than  a  slight  increase  under  such  circumstances ;  and  our 
notions  concerning  the  relation  of  this  escretoiy  product  to  the 
destruction  of  muscular  fibre,  consequent  on  the  exercise  of  the 
latter,  have  lately  undergone  considerable  modification.  There  is  no 
doubt,  of  course,  that  like  all  parts  of  the  body,  the  muscles  have 
but  a  limited  term  of  existence,  and  are  being  constantly  renewed, . 
nt  the  same  time  that  a  part  of  the  products  of  their  disintegration 
appears  in  the  lu'inc  in  the  form  of  urea.  It  is  indeed  probable  that 
the  substances  kreatin  and  krealinin  which  are  derived  from  the 
waste  of  muscular  and  other  tissues,  are  at  any  rate  partly  con- 
verted by  the  kidney  epithelium  into  urea.  But  the  waste  is  not 
HO  fast  aa  it  has  been  frequently  supposed  to  be  ;  and  the  theory 
that  the  amouut  of  work  done  by  the  muscle  is  expressed  by  the 
quantity  of  urea  excreted  in  tbc  urine  is  without  doubt  inaccurate. 

Urea  exists  to  a  considerable  extent  ready-formed  in  the  blood, 
and  is  simply  abstracted  therefrom  by  the  kidneys.  It  may  be 
detected  in  small  quantity  in  the  blood,  and  in  some  other  parte 
«f  the  body,  t.g.,  the  humouis  of  the  eye  (Millon),  even  while  the 
functions  of  the  kidneys  are  unimpaired :  but  when  from  any 
cause,  especially  extensive  disease  or  extirpation  of  the  kidneys, 
the  separation  of  urine  is  imperfect,  the  urea  is  found  largely  in 
the  blood  and  in  most  other  fluids  of  the  body. 

ITrio  Acid  (CjH  N,0,), — This  substance  which  was  formerly 
termed  lithic  acid,  on  account  of  its  existence  in  many  forme  of 
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urinary  calculi,  is  rarely  absent  from  the  urine  of  man  or  animals, 
though  in  the  feline  tribe  it  seems  to  be  sometimes  entirely 
replaced  by  urea  (G.  Bird). 

Quantity. — The  proportionate  quantity  of  uric  acid  varies 
considerably  in  different  animals.  In  man,  and  Mammalia 
generally,  especially  the  Herbivora,  it  is  comparatively  small  In 
the  whole  tribe  of  birds  and  of  serpents,  on  the  other  hand,  the 
quantity  is  very  large,  greatly  exceeding  that  of  the  urea.  In 
the  urine  of  granivorous  birds,  indeed,  lu-ea  is  rarely  if  ever 
found,  its  place  l)eing  entirely  supplied  by  uric  acid. 

Variations  in  quantity. — The  quantity  of  lu-ic  acid,  like  that 
of  urea,  in  human  urine,  is  increased  by  the  use  of  animal  food, 
tmd  decreased  by  the  use  of  food  free  from  nitrogen,  or  by  an 
exclusively  vegetable  diet  In  most  febrile  diseases,  and  in 
plethora,  it  is  formed  in  imnaturally  large  quantities ;  and  in 
gout  it  is  deposited  in,  and  around,  joints,  in  the  form  of  urate 
of  soda,  of  which  the  so-called  chalkHstones  of  this  disease  are 
principally  composed. 

Condition  of  Uric  Acid  in  the  Urine.— The  condition  in 
which  uric  acid  exists  in  solution  in  the  iwine  has  formed  the 
subject  of  some  discussion,  because  of  it*  difficult  solubility  in 
water. 

According  to  Liebig  the  uric  acid  exists  as  urate  of  soda,  prO" 
duced,  he  supposes,  by  the  uric  acid,  as  soon  as  it  is  formed^^ 
combining  with  part  of  the  base  of  the  alkaline  phosphate  of  soda— 
of  the  blood.  Hippuric  acid,  which  exists  in  human  urine  t^ao^m 
he  believes,  acts  upon  the  alkaline  phosphate  in  the  same  way,  sn^^ 
increases  still  more  the  quantity  of  acid  phosphate,  on  the  pre— — 
seuce  of  which  it  is  probable  that  a  part  of  the  natural  acidity 
the  urine  depends.  It  is  scarcely  possible  to  say  whether  the 
union  of  uric  acid  with  the  base  sodium  and  probably  ammonium, 
takes  place  in  the  blood,  or  in  the  act  of  secretion  in  the  kidney 
the  latter  is  the  more  likely  opinion;  but  the  quantity  of  eithei 
uric  acid  or  urates  in  the  blood  is  probably  too  small  to  allow  ol 
this  question  being  solved. 

Source  of  Uric  Acid. — Uric  acid  probably  arises  from  the 
disintegration  of  albuminous  tissues.  The  relation  which  uric 
acid  and  urea  bear  to  each  other  is,  however,  still  obscure :  but 
uric  acid  is  said  to  Lm)  a  less  advanced  stage  of  the  oxidation  of  the 


?.  TVl] 


SOUfiCE   OP   XTEIC   ACID. 


455 


produotB  of  proteid  motaboliBni,  Tho  fact  that  they  often  exist 
together  in  the  aamo  urine,  makes  it  seem  likely  that  they 
luTfl  different  origins  or  different  offices  to  perform ;  but  tlie 
entire  replacement  of  either  by  the  other,  as  of  urea  by  uric  acid 
in  the  mine  of  birds,  serpent^  and  many  insects,  and  of  uric  acid 
by  urea,  in  the  urine  of  the  feliue  tribe  of  Mammalia,  sliowa  tliat 
each  alone  may  discharge  alt  the  important  functions  of  the  twa 

Owing  to  its  existence  in  combination  in  healthy  urine,  uric 
acid  for  examination  mnst  generally  be  precipitated  from  its  bases 
by  a  Htronger  aciti     Frequently,  however,  when  excreted  in  excess, 


Fig.  ix$.' 


Fig.  225.+ 


it  is  deposited  in  a  crystalUuc  form  (Gg.  225),  mixed  with  lar^o 
qoantittes  of  urate  of  ammonium  or  sodium.  In  such  coses  it  may 
he  procured  for  micpoBCopic  examination,  by  gently  warming  the 
IMion  of  urine  containing  the  sediment ;  tliis  dissolves  urate  of 
ammonium  and  sodium,  while  the  comparatively  insoluble  crystals 
o^nric  acid  Hubaide  to  the  bottom. 

The  moat  common  form  in  which  uric  acid  is  deposited  in  uriue, 
><  that  of  a  brownish  or  yellowish  powdery  subatimeo,  consisting 
of  gntnules  of  urate  of  ammonium  or  sodium.  When  deposited  in 
Ratals,  it  is  most  frequently  in  rhombic  or  diamond-shaped 
l«nime,  but  other  forma  are  not  uncommon  (fig.  225).  When 
^Bpodted  from  urine,  the  crystals  are  generally  more   or   less 


■  Fig.  a»5.     Varions  formn  of  uric  nciil  piyiilnU. 
t  Fig.  226.     CrjataU  of  hippuric  aciiL 
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deeply  coloured,  from  being  combined  with  the  colouring  prin- 
ciples of  the  urine. 

Hippurio  Acid  (C^H^NOj)  has  long  been  known  to  exist  in 
the  urine  of  herbivorous  animals  in  combination  with  soda. 
Liebig  has  shown  that  it  also  exists  naturally  in  the  urine  of 
man,  in  quantity  equal  to  the  uric  acid,  and  Wcismann's  observa- 
tions agree  with  this.  It  is  closely  allied  to  benzoic  acid ;  and 
this  substance  when  introduced  into  the  system,  is  excreted  by 
the  kidneys  as  hippuric  acid  (Ure).  Its  source  is  not  satisfactorily 
determined :  in  part  it  is  probably  derived  from  some  constituents 
of  vegetable  diet,  though  man  has  no  hippuric  acid  in  his  food, 
nor,  commonly,  any  benzoic  acid  that  might  be  converted  into  it ; 
in  part  fix)m  the  natural  disintegration  of  tissues,  independent  of 
vegetable  food,  for  Weismann  constantly  found  an  appreciable 
quantity,  even  when  living  on  an  exclusively  animal  diet. 

Pigments  of  Urine. — The  nature  and  composition  of  the 
colouring  matter  of  urine  are  involved  in  some  obscurity.  It  is 
probably  closely  related  to  the  colouring  matter  of  the  blood. 

Indican. — A  peculiar  substance  termed  Indlcan  has  been  found  by 
Schenck  in  the  urine.  It  is  not  itself  pigmentary,  though  by  its  decom- 
position indigo  blue  and  indigo  red  are  produced. 

Its  presence  can  usually  be  detected  by  adding  to  a  small  quantity  of 
urine  an  equal  bulk  of  hydrochloric  acid,  and  gently  heating  the  Bolutioo ; 
on  the  addition  of  two  or  three  drops  of  strong  nitric  acid  a  delicate  purpliah 
tinge  is  developed. 

Mucus. — Mucus  in  the  urine  consists  principally  of  the  epithe- 
lial debris  of  the  mucous  siuface  of  the  urinary  passages.    Pa*^ 
tides  of  epithelium,  in  greater  or  less  abundance,  may  be  detected 
in  most  samples  of  urine,  especially  if  it  has  remained  at  rest  ^or 
some  time,  and  the  lower  strata  are  then  examined  (fig.  227).     ^ 
urine  cools,  the  mucus  is  sometimes  seen  suspended  in  it  f^^ 
delicate  opaque  cloud,  but  generally  it  falls.     In  inflammat^^ 
affections  of  the  urinary  passages,  especially  of  the  bladder,  mtM-^ 
in  large  quantities  is  poured  forth,  and  speedily  undei^oes     "^ 
composition.     The  presence  of  the  decomposing  mucus  excited   (** 
already  stated,  p.  451)  chemical  changes   in  the  urea,  whet^'^'^ 
ammonia,  or  carbonate  of  ammonium,  is  formed,  \vhich,  combiu^  . 
with  the  excess  of  acid  in  the  super-phosphates  in  the  urine,  p^ 
duces  insoluble  neutral  or  alkaline  phosphates  of  calcium  00^ 
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giam,  and  phosphate  of  ammotuum  and  magDesium.  These 
;  with  the  mucus,  constitute  the  pecuUar  vhite,  viscid, 
^like  subetaace  which  collects  upon  the  mucous  suriace  of 
adder,  and  ia  often  passed  with  the  urine,  forming  a  thick 
ma  sediment. 

Fig.  117.* 


notlTdB. — Besides  mucus  and  colouring  matter,  uriue  con- 
\  considerable  quantity  of  animal  matter,  usually  described 

the  obscure  name  of  extractiwi.  The  investigations  of 
,  Heintz,  and  others,  have  shown  that  some  of  this  substance 
a  cXhreatin  and  kreatinin,  two  cry  stall  izable  subatances, 
1,  probably,  from  the  metamorphosis  of  muscular  tissue. 
substances  appear  to  be,  as  mentioned  above,  intermediate 
m  the  proper  elements  of  the  muscles,  and,  perhaps,  of 
litrogenous  tissues,  and  urea  :  the  first  products  of  the  dis- 
tting  tissues  probably  consisting  not  of  urea,  but  of  kreatin 
reatinin,  which  subsequently  are  partly  resolved  into  urea 

discharged,  without  change,  in  the  urine.  The  names  of 
)ther  substances  of  which  there  arc  commonly  traces  in  the 

will  be  found  in  Table  (p.  443).     It  boa  been  shown  by 
T  that  much  of  the  substance  classed  as  extractive  matter  of 
ine  is  the  peculiar  colouring  matter,  probably  derived  firom 
nno-globin  of  the  blood. 
ine  Hatter. — The  ttttphuric  acid  in  the  urine  is  combined 

or  enUrely  with  sodium  and  potassium ;  forming  salts  which 

*  Fig.  137.    UucuB  depoiut«d  rroin  urine. 
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are  taken  in  very  small  quantity  with  the  food,  and  are  scarcelj 
found  in  other  fluids  or  tissues  of  the  body ;  fur  the  sulphates 
commonly  enumerated  among  the  constituents  of  the  ashes  of  the 
tissues  and  fluids  are,  for  the  most  part  or  entirely,  produced  by 
the  changes  that  take  place  in  the  burning.     Dr.  Parkes,  indeed, 
considers  that  only  about  one-third  of  the  sulphuric  acid  found  in 
the  lu-ine  is  derived  directly  from  the  food.     Hence  the  greater 
part  of  the  sulphuric  acid  which  the  sulphates  in  the  mine  con- 
tain, must  be  formed  in  the  blood,  or  in  the  act  of  secretion  of 
urine ;  the  sulphur  of  which  the  acid  is  formed  being  probably 
derived  from  the   decomposing    nitrogenous  tissues,   the  other 
elements  of  which  are  resolved  into  urea  and  uric  acid.     It  may 
be  in  part  derived  also,  as  Dr.  Parkes  observes,  from  the  sulphur- 
holding  taurin  and  cystin  which  can  be  found  in  the  liver,  lungs, 
and  other  pai-ts  of  the  body,  but  not  generally  in  the  excretions  ; 
and  which,  therefore,  must  be  broken  up.     The  oxygen  is  supplied 
through  the  lungs,  and  the  heat  generated  during  combiuatioi-"*^ 
with  the  sulphur,  is  one  of  the  subordinate  means  by  which  i\x^ 
animal  temperature  is  maintained. 

Besides  the  sulphur  in  these  salts,  some  also  appears  to  be  i  «^ 
the  urine,  uncombined  with  oxygen;  for  after  all  the  sulphatc^^^ 
have  been  removed  from  urine,  sulphuric  acid  may  be  formed  ^^^ 
dr}*ing  and  burning  it  with  nitre.  Mr.  Ronalds  believes  thc**^ 
from  three  to  five  grains  of  sulphur  are  thus  daily  excret 
The  combination  in  which  it  exists  is  uncertain  :  possibly  it  is 
some  compound  analogous  to  cystin  or  cystic  oxide  (p.  460). 

The  2>^*^i'M^^^  ^^^  i^  ^^®  urine  is  combined  partly  with  tl^* 
alkalies,  partly  with  the  alkaline  earths — about  four  or  five  tim^^ 
as  much  with  the  former  as  with  the  latter.  In  blood,  saliva,  vc^^ 
other  alkaline  fluids  of  the  body,  phosphates  exist  in  the  form  ^^* 
alkaline,  or  neutral  acid  salts.  In  the  urine  they  are  acid  8alt-^» 
viz.,  the  phosphates  of  sodium,  ammonium,  calcium  and  magnesiur*^ 
the  excess  of  acid  being,  according  to  Liebig,  due  to  the  appropri^*'" 
tion  of  the  alkali  with  which  the  phosphoric  acid  in  the  blood  i^ 
combined,  by  the  several  new  acids  which  are  formed  or  discharge^ 
at  the  kidneys,  namely,  the  uric,  hippuric,  and  sulphuric  acids,  al^ 
of  which  he  supposes  to  be  neutralised  with  soda. 

The  phosphates  are  taken  largely  in  both  vegetable  and  animal 
fooil ;  some  thus  taken,  are  excreted  at  once ;  others,  after  being" 
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transformed  and  incorporated  with  the  tissues.  Phosphate  of 
calcium  forms  the  principal  earthy  constituent  of  hone,  and  from 
the  decomposition  of  the  osseous  tissue  the  urine  derives  a  large 
quantity  of  this  salt.  The  decomposition  of  other  tissues  also, 
but  especially  of  the  brain  and.  nerve-substance,  furnishes  large 
supplies  of  phosphorus  to  the  urine,  which  phosphorus  is  supposed, 
like  the  sulphur,  to  be  united  with  oxygen,  and  then  combined 
with  bases.  This  quantity  is,  however,  liable  to  considerable 
variation.  Any  undue  exercise  of  the  brain,  and  all  circmnstances 
producing  nervous  exhaustion,  increase  it.  The  earthy  phosphates 
are  more  abundant  after  meals,  whether  on  animal  or  vegetable 
foody    and    are    diminished    after   long    fasting.      The    alkaline 

Fig.  228.  ♦ 


phosphates  are  increased  after  animal  food,  diminished  after 
vegetable  food.  Exercise  increases  the  alkaline,  but  not  the 
earthy  phosphates  (Bence  Jones).  Phosphorus  uncombined  with 
oxygen  appears,  like  sulphur,  to  be  excreted  in  the  urine  (Ronalds). 
When  the  urine  undergoes  alkaline  fermentation,  phosphates  are 
deposited  in  the  form  of  an  urinary  sediment  consisting  chiefly  of 
phosphates  of  ammonium  and  magnesium  (triple  phosphate) 
(fig.  228).  This  compoimd  does  not,  as  such,  exist  in  healthy 
urine.  The  ammonia  is  chiefly  or  wholly  derived  from  the 
decomposition  of  urea  (p.  451). 

The  chlorine  of  the  urine  occurs  chiefly  in  combination  with 


*  Fig.  228.     Urinary  sediment  of  triple  phosphates  (large  prismatic  crystals) 
and  urate  of  ammonia,  from  nrine  which  had  undergone  alkaline  fermentation. 
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sodiiim,  but  slightly  also  with  ammonium,  and,  peiiiapey  potaaBiiim. 
As  the  chlorides  exist  largely  in  food,  and  in  most  of  the  animal 
fluids,  their  occurrence  in  the  urine  is  easily  understood. 

Cystin  (fig.  229)  is  an  occasional  constituent  of  urine.  It 
resembles  taurin  in  containing  a  large  quantity  of  sulphur— more 
than  25  per  cent     It  does  not  exist  in  healthy  urine. 

Another  common  morbid  constituent  of  the  urine  is  oxalic  acid, 
which  is  frequently  deposited  in  combination  with  lime  (fig.  230) 


Fi(j,  229.* 


Fig.  230.t 


as  au  iu*inary  sediment.     Like  cystin,  but  much  more  commonly,, 
it  is  the  chief  constituent  of  certain  calculi. 

Gases. — A  small  quantity  of  gas  is  naturally  present  in  the 
urine  in  a  state  of  solution.  It  consists  chiefly  of  carbonic  Bcm 
and  nitrogen. 


CHAPTER    XVII. 

THE    INCOME    AND    EXPENDITURE    OP   THE    HUMAN   BODY. 

The  subject  may  be  considered  under  the  following  he»f 
(i).    The  Evidence    and    Amount    of   Expenditure.      (2).  ^ 
Sources  and  Amount  of  Income.     (3).  The  Sources  and  Ob} 
of  Expenditure. 


*  Fig.  229.     Crystals  of  cystin. 

t  Fig.  230.    Crystals  of  oxalate  of  caldmn. 
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I.  Svidenoe  and  Amomit  of  Expenditure. — The   evideticc 
of  Expenditure  by  the  liying  body  is  abundantly  complete. 
J^rom  the  Lungs  there  is  exhaled  every  24  hours, 

Of  Carbonic  Acid,  about      ....     15,000  grains 

„  Water 5,000     „ 

Traces  of  organic  matter. 

From  the  Skin — 

Water 11,500  grains 

Solid  and  gaseous  matter  .        .    .         250     ,. 

JVwn  the  Kidneys — 

Water 23,000  grains 

Organic  matter 680     ,, 

Minerals  or  salines  .        .         420     „ 

J'roM  the  Intextines — 

Water 2,000  grains 

Various  organic  and  mineral  substances     .         800     „ 

In  the  account  of  Expenditure,  must  be  reckoned  the  milk 
(during  the  period  of  suckling),  and  the  products  of  secretion  from 
tile  generative  oi^ans  (ova,  menstrual  blood,  somen) ;  but,  from 
tteir  Tariable  and  uncertain  amoimts,  these  cannot  be  reckoned 
with  the  preceding. 

Altogether,  the  Expenditure  of  the  body  represented  by  the 
som  of  these  various  excretory  products  amoimts  every  24  hours 

Solid  and  gaseous  matter 2-3  lb. 

Water  (either  fluid  or  combined  with  the  solids  and  « 

gaseous  matter) 5-6  lb. 

or,  in  other  words  about  3,000  lb.  of  matter  (20  times  the  weight 
of  a  man  of  average  size)  are  lost  from  the  hiunan  body  every 
year. 

^  shoold  be  remembered  that  the  matter  thus  lost  by  the  body  is  matter 

^  chemical  attractions  of  which  have  been  in  great  part  satisfied  ;  and 

^^^^  remains  quite  useless  as  food,  until  its  elements  have  been  again 

•'^•'•ted  and  re-arranged  by  members  of  the  vegetable  world.    It  is  espc- 

^'•Hy  instructive  to  compare  the  chemical  constitution  of  the  products  of 

*^P*<»dituie,  thus  separated  by  the  various  excretory  organs,  with  that  of  the 

'^'^^'^  of  income  to  be  immediately  considered. 

It  IB  evident  from  these  facts  that  if  the  human  body  is  to 
Ottintam  its  size  and  composition,  there   must  be  added  to  it 
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matter  corresponding  in  amount  with  that  which  is  lost.  The 
income  must  equal  the  expenditure. 

2.  Sources  and  Amount  of  Income. — The  Income  of  the 
body  consists  partly  of  Food  and  Drink,  and  partly  of  Oxygen. 

Into  the  stomach  there  is  received  daily  : — 

Solid  (chemically  dry)  food       .        .     .  8,000  grains 

Water  (as  water,  or  variously  combined 
\\ith  solid  food) 35,000-40,000     „ 


By  the  Lungs  there  is  absorbed  daily  : — 
Oxygen       


13,000 


»» 


The  average  total  daily  receipts,  in  the  shape  of  food,  drink  and 
oxygen,  correspond,  therefore,  with  the  average  total  daily  expen- 
diture, as  shown  by  the  following  table. 


Income. 
Holid  food  .                 .    8,000  grains 
Water     .        ...  37,650     „ 
Oxygen                        .  13,000     „ 

Expenditure, 
Lungs                         .  20,000  grains 
Skin        .        .        .     .  11,750    ,, 
Kidneys                       .  24,100    „ 
Intestines                .     .    2,800    „ 
(Generative  and  mam- 
mary-gland products 
are  supposed  to  be 
included.) 

58,650  grains 
(Or  about  8j  lb.) 

58,650  grains 

These  quantities  are  approximate  only.  But  they  may  be  taken 
as  fair  averages  for  a  healthy  adult. 

The  absolute  identity  of  the  two  niunbers  (in  grains)  in  the  two 
tables  is  of  coui-se  diagrammatic.  No  such  exactitude  in  the 
account  occurs  in  any  living  IxKiy,  in  the  course  of  any  given 
twenty-four  hoiu^.  But  any  difference  which  exists  between  the 
two  amounts  of  income  and  expenditure  at  any  given  period, 
corresponds  merely  with  the  slight  variations,  in  the  amount  of 
capital,  (weight  of  body)  to  which  the  healthiest  subject  is  liabla 

The  chemical  composition  of  the  food  (p.  266)  may  be  profitably  com- 
pared with  that  of  the  excreta,  as  before  mentioned.  The  greater  part  of  our 
food  is  composed  of  matter,  which  contains  much  potential  energy  ;  and  in 
the  chemical  changes  (combustion  and  other  processes),  to  which  it  is  sub- 
icct  in  the  body,  active  energy  is  manifested. 
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3.  The  Sources  and  Objects  of  Expenditure. — The  sources 
of  necessfiry  waste  and  expenditure  in  the  living  body  are  various 
and  extensive.  They  may  be  comprehended  imder  the  following 
heads : — 

(i)  Common  wear  and  tear  ;  such  as  that  to  which  all  structures, 
living  and  not  living,  are  subjected  by  exposure  and  work ;  but 
which  must  be  especially  large  in  the  soft  and  easily  decaying 
structures  of  an  animal  body. 

(2)  Manifestations  of  Force  in  tltefonn  either  of  Heat  or  Motiotu 
In  the  former  case  (Heat),  the  combustion  must  be  sufficient  to 
maintain  a  temperature  of  about  ioo°  F.  throughout  the  whole 
substance  of  the  body,  in  all  varieties  of  external  temperature, 
notwithstanding  the  large  amoimt  continually  lost  in  the  ways 
previously  enumerated  (p.  255). 

In  the  case  of  Motion,  there  is  the  expenditure  involved  in  (a) 
Ordinary  muscular  movements,  as  in  Prehension,  Mastication, 
Locomotion,  and  numberless  other  ways  :  {b)  Various  involun- 
tary movements,  as  in  Respiration,  Circulation,  Digestion,  <fec. 

(3)  Manifestation  of  Nerve-force;   as  in  the  general  regulation* 
of   all    physiological    processes,    e,g,,    Respiration,    Circulation, 
Digestion;    and   in  Volition  and    all    other    manifestations    of 
cerebral  activity. 

(4)  Tlt^  energy  expended  in  all  physiological  processes^  t,g,y  Nutri- 
tion, Secretion,  Growth,  and  the  like. 

The  Total  expenditure  or  manifestation  of  energy  by  an  animal 
body  can  be  measured,  with  fair  accuracy  ;  the  terms  used  being 
such  as  are  employed  in  connection  with  other  than  vital  opera- 
tions. All  statements,  however,  must  be  considered  for  the  pre- 
sent approximate  only,  and  especially  is  this  the  case  with  respect 
to  the  comparative  share  of  expenditure  to  be  assigned  to  the 
various  objects  just  enumerated. 

The  amount  of  energy  daily  manifested  by  the  adult  hmnan 
body  in  (a)  the  maintenance  of  its  temperature ;  (6)  iu  internal 
mechanical  work,  as  in  the  movements  of  the  respiratory  muscles, 
the  heart,  <S:c. ;  and  (c)  in  external  mechanical  work,  as  iu 
locomotion  and  all  other  voluntary  movements,  has  been  reckoned 
at  about  3,400  foot-tons.  Of  this  amount  only  one-tenth  is 
directly  expended  in  internal  and  external  mechanical  work ; 
the  remainder  being  employed  in  the  maintenance  of  the  body's 
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heat  The  latter  amount  represents  the  heat  which  would  be 
required  to  raise  48*4  lb.  of  water  from  the  freezing  to  the  boiling 
point ;  or  if  converted  into  mechanical  power,  it  would  suffice 
to  raise  the  body  of  a  man  weighing  about  150  lb.  through  a 
vertical  height  of  8J  miles. 

To  the  foregoing  amounts  of  expenditure  must  be  added  the 
quite  unknown  quantity  expended  in  the  various  manifestations 
of  nerve-force,  and  in  the  work  of  nutrition  and  growth  (using 
these  terms  in  their  widest  sense).  By  comparing  the  amount 
of  energy  which  should  be  produced  in  the  body  from  so  much 
food  of  a  given  kind,  with  that  which  is  actually  manifested  (as 
shown  by  the  various  products  of  combustion,  in  the  excretions) 
attempts  have  been  made,  indeed,  to  estimate,  by  a  process  of 
exclusion,  these  iniknown  quantities;  but  all  such  calcula- 
tions must  be  at  present  considered  only  very  doubtfully 
approximate. 

Sources  of  Error. — Among  the  sources  of  error  in  any  such 
calculations  must  be  reckoned,  as  a  chief  one,  the,  at  present, 
entirely  unknown  extent  to  which  forces  external  to  the  bodj 
(mainly  heat)  can  be  utilised  by  the  tissues.  AVe  are  too  apt  U) 
think  that  the  heat  and  light  of  the  sun  are  directly  correlated, 
so  far  as  living  beings  are  concerned,  with  the  chemico-vitai 
transfoi-mations  involved  in  the  nutrition  and  growth  of  the 
members  of  the  vegetable  world  only.  But  animals,  although 
comparatively  independent  of  external  heat  and  other  foroeB, 
probably  utilise  them,  to  the  degree  occasion  offers.  And  although' 
the  coiTelative  manifestation  of  energy  in  the  body,  due  to 
external  heat  and  light,  may  still  be  measured  in  so  far  as  it  m^J 
take  the  form  of  mechanical  work ;  yet,  in  so  far  as  it  takes  the 
form  of  expenditiu'e  in  nutrition  or  nerve-force,  it  is' evidently 
impossible  to  include  it  by  any  method  of  estimiation  yet  dis- 
covered ;  and  all  accounts  of  it  must  be  matters  of  the  p^ 
theory. 

These  considerations  may  help  to  explain  the  apparent  4^ 
crepancy  between  the  amount  of  energy  which  is  capable  of  bei^g 
produced  by  the  usual  daily  amount  of  food,  with  that  which  ^ 
actually  manifested  daily  by  the  body ;  the  former  leaving  but  a 
small  margin  for  anything  beyond  the  maintenance  of  heat,  and 
mechanical  work. 


CHAPTER    XVIIL 

THE    NERVOUS    SYSTEM. 

Cliief  DiYisions  of  the  Nervous  System. — The  Nervous 
System  consists  of  two  portions  or  systems,  the  Cerebrospinal  and 
the  Sympathetic^  each  of  which  (though  they  have  many  things 
in  common)  possesses  certain  peculiarities  in  structure,  mode  of 
action,  and  range  of  influence. 

(i)  The  Cerebrospinal  system  inchides  the  Brain  and  Spinal 
cord,  with  the  nerves  proceeding  from  them.  Its  fibres  are 
chiefly,  but  not  exclusively,  distributed  to  the  skin  and  other 
organs  of  tfil^enses,  and  to  the  voluntary  muscles. 

(2)  The  Sympathetic  Nervous  system,  is  formed  by: — (i)  A 

doable  chain  of  ganglia  and  fibres,  which  extends  from  the  cranium 

to  the  pelvis,  along  each  side  of  the  vertebral  column,  and  from 

wldch  branches  are  distributed  both  to  the  ccrebro-spinal  system, 

(all  the  spinal  and  many  of  the  cranial  nerves)  and  to  other 

parts  of  the  sympathetic  system.     With  these  may  be  included 

the  small  ganglia  in  connection  with  those  branches  of  the  fifth 

^^erebral  nerve  which  are  distributed   in  the  neighbourhood  of 

^  oigans  of  special  sense  :  namely,  the  opMialmiCf  otic,  spheno- 

^itetne   and    submaxillary  ganglia.      (2)    Various  ganglia    and 

Wnses    of  nerve-fibres  which  give  off"  branches  to  the  thoracic 

^  abdominal    viscera,  the   chief  of  such  plexuses  being  the 

^tdiac,  Solar,  and  Hypogastric ;  but  in  intimate  connection  with 

^  are  many  secondary  plexuses,  as  the  aortic,  spermatic,  and 

d  plexus,  &c.     To  these  plexuses,  fibres  pass  from  the  prse- 

^•ebral  chain  of  ganglia,  as  well  as  from  cerebro-spinal  nerves. 

Various  ganglia   and    plexuses   in  the  substance  of  many 

lie  viscera,   as    stomach,   intestines,  urinary    bladder,    and 

B.     These,  which  are,  for  the  most  part,  microscopic,  also 

commimicate  with  other  parts  of  the  sympathetic  system, 

I  as,  to  some  extent,  with  the  cerebro-spinal.     (4)  By  many, 

diglia  on  the  posterior  roots  of  the  spinal  nerves,  on  the 

baiyngeal  and  pneumogastric,  and  on  the  sensory  root  of 

h  cerebral  nerve  (Gasserian  ganglion),  are  also  included 

lathetic-nerve  structures. 

H  H 
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Elementary   Stmotures  of  the  Nervous  System. — The 

organs  both  of  the  Cerebro-spinal  and  Sympathetic  nervous 
systems  are  composed  of  two  structural  elements — celU  sudjlbra. 
The  cells  are  collected  in  masses,  and  are  always  mingled,  more 
or  less,  with  fibres ;  such  a  collection  of  cellular  and  fibrous  nerve- 
structiire  being  termed  a  nerve-centre.  The  fibres,  besides  entering 
into  the  composition  of  nerve-centres,  form  by  themselves  the 
nerves,  which  connect  the  various  centres,  and  are  distributed  in 
the  several  parts  of  the  body. 

Fonotion. — Nerve-cells  and  nerve-fibres  differ  in  function  in  that 
the  former  generate  and  conduct  nerve-force,  while  the  latter  merely 
conduct  it.    The  difference  may  be  compared  to  that  which  exista 
in  a  telegraphic  apparatus,  between  the  galvanic  battery  and  th< 
wires  :  the  former  generating  and  conducting  electrieity,  and  th^ 
latter  merely  conducting  it. 

Structure  of  Nerve-Fibres. — Each  nerve-trunk  is  compo8e(== 
of  a  variable  number  of  different-sized  bundles  {funiculi)  of  nerved 
fibres  which  have  a  special  sheath  {perineurium  or  neurilenand)/^ 
The  funiculi  are  enclosed  in  a  firm  fibrous  sheath  (epineurium) 
this  sheath  also  sends  in  processes  of  connective  tissue  whid^ 
connect  the  bundles  together.  In  the  funiculi  between  the  fibresi^ 
is  a  delicate  supporting  tissue  (the  endoneurium). 

There  are  numerous  lymph-spaces  both  beneath  the  connective-^ 
tissue  investing  individual  nerve-fibres,  and  also  beneath  tha'^-i^ 
which  surrounds  the  funiculi. 

Varieties  of  Nerve-Fibres. — In  most  nerves,  two  kinds 
fibres  are  mingled;  those  of  one  kind  being  most  numerous 
and  characteristic  of,  nerves  of  the  Cerebro-spinal  system ;  th< 
of  the  other,  most  numerous  in  nerves  of  the  Sympathetic  systom  ^ 
These  are  called  (a)  medullated  or  white  fibres,  and  (b)  non-::^ 
medullated  or  grey  fibres. 

(a.)  Medullated  Fibres. — Each  medullated  nerve-fibre  is  mad^^ 
up  of  the  following  parts  : — 

(i.)  Primitive  nerve  sheath,  or  Schwann's  sheath.     (2.)  Medul — 
lary  sheath,  or  white  substance  of  Schwann.     (3.)  AzisKsylindeT] 
primitive  band,  axis  band,  or  axial  fibre. 

Although  these  parts  can  be  made  out  in  nerves  examined 
time  after  death,  in  a  recent  specimen  the  contents  of  the  sheath 
appear  to  be  homogeneous.   But  by  degrees  they  undergo  changes 
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irbicb  show  them  to  be  composed  of  two  different  materials.  The 
mtemal  or  central  part,  occupying  the  axis  of  the  tube  (axis- 
finder),  becomes  greyish,  while  the  outer,  or  cortical  portion 
(fohiU  tuhittaux  of  Sdaoann),  becomes  opaque  and  dimly  granular 
or  gnuuouB,  as  if  from  a  kind  of  coagulation.  At  the  same  time, 
the  fine  outline  of  the  previoiiBly  transparent  cylindrical  tube  is 
exchanged  for  a  dark  double  contour  (fig.  331  b),  the  outer  line 
being  formed  by  the  sheath  of  the  fibre,  the  inner  by  the  margin 
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Fig.  333.t 
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*f  enrdled  or  coagulated  medullary  subat*nce.  The  granular 
Material  shortly  collects  into  little  masses,  which  distend  portions 
^  tlie  tnbular  membrane ;  while  the  intermediate  spaces  collapse, 
B^^iag  the  fibres  a  varicose,  or  beaded  appearance  (fig.  331,  c  and 
^)i  instead  of  the  previous  cylindrical  form.  The  whole  contents 
V  the  nerre-tubules  are  eitremely  soft,  for  when  subjected  to 

*  Rg.  231.  PrimitiTB  neiTB-tuimlei.  A.  A  perfectly  fresh  tnbnl«  with  s 
*tjt  daik  ontlina.  s.  A  tnbnle  or  fibre  with  a  double  contour  from  com- 
**i^  pott-mortem  cbtuge.  c.  The  chaajitea  further  advanced,  producing 
^B)MH  or  bosded  appearBnes.  n.  A  tubule  or  fibre,  the  central  port  of 
^'•K^  in  eoiMeqnenee  of  (till  further  changes,  has  acciuniilated  to  separate 
Men  within  the  sheath  {Wigner}. 
tRg.  333.  Two-nsm-KbreB  of  sciatic  nerve,  a.  Node  of  Banvier.  n, 
,  *>bi^iltder.  C^  Sheath  of  Schwann,  with  nucleL  x  300.  (Klein  and 
AUiaiHth.) 
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pressure  they  readily  pass  from  one  part  of  the  tuhular  she&th  to 
another,  and  oftfin  cause  a  bulging  at  the  Bide  of  the  membrane. 
Thoy  also  readily  escape,  on  pressure,  from  the  eitremitiea  of  the 
tubule,  in  the  form  of  a  gnunous  or  granular  material 

The  nucleated  ^eath  of  Schwann  is  a  pellucid  membrane^ 
formiug  the  outer  investment  of  the  nerve-tibre.  Within  this 
delicate  structureless  membrane  nuclei  are  seen  at  intervale, 
fiorrounded  by  a  variable  amount  of  protoplasm.  The  neurilemnu 
is  structureless,  like  the  saxcolemma,  and  the  nuclei  mentioned 
above  appear  to  be  within  it :  together  with  the  protoplasm  whidi 
surrounds  them,  they  are  the  relics  of  embryonic  cells, 
Fig.  333.*  and  from  their  resemblance  to  the  muscle  coipuaclet 
of  striated  muscle,  may  be  termed  nerve-corpuscles. 

As  medullated  nerve-fibres  approach  their  termina- 
tions they  lose  their  medullary  sheath  (or  white  8ul»— 
stance  of  Schwann),  and  consist  then  merely  of  axis—' 
cylinder  and  primitive  sheath. 

They  then  lose  also  the  latter,  and  only  the  aii^» 
cylinder  is  left  with  here  aud  there  a  nerve-corpiiscl — ' 
partly  rolled  around  it.     Finally,  even  this  investment 
..^—.       ceases,  aud  the  aiis-oyliiider  breaks  up  into  its  el^^ 
|iy[j|       mcntary  fibrilltc.     At  regular  inter\'ala  in  most  m^^ 
I'/ill       dullatcd  nerves,    the    nucleated  sheath  of  Schworw  ^ 
possesses   annular  constrictions  (nodes  of    Ranvier" " 
At  these  points  (figa.  332,  233)  the  continuity  of  tfc^" 
medullary  white   substance    is   interrupted,  and  ttr^^ 
primitive  sheath  comes  into  immediate  contact  wi^^ 
the  asis-cylinder. 

(2.)  The  white  sulsiance  of  Schtoann  is  the  part  -"^ 
which  the  peculiar  white  aspect  of  cerebro-spin-  -^ 
nerves  is  principally  due.  It  is  a  thick,  fat^,  seic-^ 
fluid  substance,  as  we  have  seen,  possessing  a  double  contoi^*-- 
It  is  said  to  be  made  up  of  a  fine  reticulum  (Stilling,  Klein),  ^^ 
the  meshes  of  which  is  embedded  the  bright  fatty  material. 

Acconling  to  M'Carthy,  the  medullary  slieath  is  compoied  of  mull  iv^^ 

'  Fig.  233.  A  node  of  Ranvier  in  a  m«liill«ted  rerve-Sbro,  vieved  ti^^^Z 
above.  Tlie  medullary  Eheath  ia  inlemipted,  and  the  primitiTe  rfntl^^ 
Ihickeaed.  Copied  irom  Aid  Key  sad  Ketdns.  x  7501  (Klein  and  Kob^* 
Smith.) 
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radiating  from  the  axis-cylinder  to  the  sheath  of  Schwann.  Sometimes 
the  whole  space  is  occupied  by  these  rods,  whilst  at  other  times  the  roda 
appear  shortened,  and  compressed  laterally  into  bundles  embedded  in  some 
homogeneous  substance. 

That  there  is  an  essential  difference  in  chemical  composition  between  the 
central  and  circumferential  parts  of  a  nerve-fibre,  i.^.,  between  the  axis- 
cylinder  and  the  medullary  sheath,  has  been  clearly  shown  by  Messrs.  Lister 
and  Turner.  Their  observations,  founded  on  Mr.  Lockhart  Clarke's  method 
of  inyestigating  nervous  substance  by  means  of  chromic  acid  and  carmine, 
have  shown  that  the  axis-cylinder  of  the  nerve-fibre  is  unaffected  by  chromic 
acid,  but  imbibes  carmine  with  great  facility,  while  the  medullary  sheath  is 
rendered  opaque  and  brown  and  laminated  by  chromic  acid,  but  is  entirely 
ontinged  by  tic  carmine.  From  this  difference  in  their  chemical  behaviour, 
the  central  and  circumferential  portions  of  the  nerve-fibres  are  readily  dis- 
tinguished on  microscopic  examination,  the  former  being  indicated  by  a 
hright  red  carmine-coloured  point,  the  latter  by  a  pale  ring  surrounding  it. 

(3.)  The  axis-cylinder  consists  of  a  large  number  of  primitive 
yG^rillce.     This    is    well   shown   in   the  cornea,  where   the   axis- 
cylinders  of  nerves  break  up  into  numerous  fibrillflB  which  go  to 
fV>rm  terminal  networks  (see  Cornea),  and  also  in  the  spinal  cord, 
here  these  fibriUce  form  a  large  part  of  the  grey  matter. 
From  various  considerations,  such  as  its  invariable  presence 
id  unbroken   continuity   in   all   nerves,  though  the  primitive 
.eath  or  the  medullary  sheath  may  be  absent,  there  can  be  little 
►ubt  that  the  axis-cylinder  is  the  conductor  of  nerve-force,  the 
rlSier  parts  of  the  nerve  having  the  subsidiary  function  of  support 
•^  possibly  of  insulation. 

>.  — The  size  of  the  nerve-fibres  varies,  and  the  same  fibres 

not  preserve  the  same  diameter  through  their  whole  length, 

^xng  largest  in  their  course  within  the  trunks  and  branches  of  the 

u^^-yes,  in  which  the  majority  measure  from  aoW  ^  t^qs  ^^  *^ 

^^^oli  in  diameter.     As  they  approach  the  brain  or  spinal  cord, 

•■^^  generally  also  in  the  tissues  in  which  they  are  distributed, 

^*^©j  gradually  become  smaller.  In  the  grey  or  vesicular  substance 

^^  the  brain  or  spinal  cord,  they  generally  do  not  measure  more 

^^an  from  tttW  *<>  'n^^^  »»  inch. 

^B.)  Grey  or  non-medullated  Fibres.  The  fibres  of  the  second 
"^id  (fig.  234),  which  constitute  the  whole  of  the  branches  of  the 
1  ol^tory  nerves,  the  principal  part  of  the  trunk  and  branches 
\  ^  the  sympathetic  nerves,  and  are  mingled  in  various  proportions 
I  i^  the  cerebro-spinal  nerves,  differ  from  the  preceding,  chiefly  m 
■      their  fineness,  being  only  about  ^  or  ^  as  large  in  their  course 


II.] 


COUESE  OF  NEKVE-FIBEES. 


471 


white  or  medtillaty  nerve-Bubataoce ;  their  contents  being  com- 
posed excluBiVely  of  the  aubatance  correaponding  with  the  central  ■ 
portion,  or  axis-cylinder,  of  the  larger  fibres.  Tet,  since  many 
nerre-fibrea  may  be  found  which  appear  intermediate  in  cha- 
racter between  these  two  kinds,  and  since  the  large  fibres,  as  they 
approach  both  their  central  and  their  peripheral  end,  gradnaUy 
diminish  in  size,  and  assume  many  of  the  other  charactert  of  the 
fine  fibres  of  the  sympatJietic  ^tem,  it  is  not  necessary  to  sup- 
pose that  there  is  any  material  difibrence  in  the  two  kinds  of  fibres. 

It  is  worthy  of  note,  that,  in  the  footua,  at  an  early  period  of 
development,  all  nerve-fibres  ore  non-medullated. 

Course  of  IferTe-Flbrea. — Eveiy  nerve-fibre  in  its  course 


proceeds  uninterruptedly  from  its  origin  in  a  nerve-centre  to  near 
its  destination,  whether  this  be  the  peripheiy  of  the  body,  another 
nervous  centre,  or  the  same  centre  whence  it  issued. 

Bundles  of  fibres  run  together  in  the  nerves,  but  merely  lie  in 


*  Fig.  336.  SmsU  brancb  of  a  mnscular  ni 
tioD,  ahowing  divisions  of  the  fibres,  a,  int 
350  diameters  (Kdlliker). 
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apposition  with  each  other ;  they  do  not  unite  :  even  when  they 
'  anaatomosc,  there  is  no  union  of  fibres,  but  only  an  itUerchavge  of 
fibres  between  the  anastomosing  funiculi     Although  each  nerve-      §  at 
fibre  is  thus  single  and  undivided  through  nearly  its  whole  course^ 
yet  as  it  approaches  the  region  in  which  it  terminates^  indiyidaal 
fibres  break  up  into  several  subdivisions  (fig.  236)  before  their  final 
ending  in  the  different  fashions  to  be  inmiediately  described.    The 
white  or  medullated  nerve-fibres,  moreover,  lose  their  medidlaiy 
sheath  or  white  substance  of  Schwann  before  their  final  distribu- 
tion, and  acquire  the  characters  more  or  less  of  the  grey  or  non.— 
medullated  fibres. 

Plexuses.— At  certain  parts  of  their  coiurse,  nerves  form  pUxtue^ 
in  which  they  anastomose  with  each  other,  as  in  the  case  of  th« 
brachial  and  lumbar  plexuses.     The  objects  of  such  interchang 
of  fibres  are,  (a),  to  give  to  each  nerve  passing  off  from  the  plexui 
a  wider  connection  with  the  spinal  cord  than  it  would  have  if  i^ 
proceeded  to   its  destination  without  such  communication  wit! 
other  nerves.     Thus,  each  nerve  by  the  wideness  of  its  conn< 
tions,  is  less  dependent  on  the  integrity  of  any  single  portioi 
whether  of  nerve-centre  or  of  nerve-trunk,  from  which  it 
spring,     (b)  Each  part  supplied  from  a  plexus  has  wider  relatioi 
with  the  nerve-centres,  and  more  extensive  sympathies ;  and, 
means  of  the  same  arrangement,  groups  of  muscles  may  be 
ordinated,  every  member  of  the  group  receiving  motor  filament 
from  the  same  parts  of  the  nerve-centre,     (c)  Any  given  part, 
a  limb,  is  less  dependent  upon  the  integrity  of  any  one  nem 
(d)  A  plexus  is  frequently  the  means  by  which  centripetal 
centrifugal    fibres    are     conveniently   mingled   for   distributioi 
as  in  the  case  of  the  pneumogastric  nerve,  which  receives  mot 
filaments,  near  its  origin,  &om  the  spinal  accessory. 

Nerve  Terminations. — The  endings  of  nerve-fibres  may 
.considered  under  the  heads  of  their  (a)  peripheral^  and  their  (1 
central  terminations. 

A.  Peripheral  Endings. 

(a.)  Sensory. — (1.)  Pacinian  Corpuscles, — The  Pacinian 
or  corpuscles  (figs.   237  and  238),  named  after  their  discoverer 
Pacini,  are  little  elongated  oval  bodies,  situated  on  some  of  the 
cerebro-spinal  and  sympathetic  nerves,  especially  the  cutaneous 
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nerres  of  the  Iiands  and  feet ;  and  on  branches  of  the  large  synipa- 
thetic  plexus  about  the  abdomiu&l  aorta  (Kiilliker).  They  ofteu 
occur  also  on  the  nerves  of  the  mesentery-,  and  are  especially  well 
Been  in  the  mesentery  of  the  cat     Each  corpuscle  is  attached  by 

Fig.  ajS-t 


*'    fig.  337.     Extiemities  of  t.  nerve  of  the  finger  with  Paciniui  corpuscles 
'^^*«Ii«d,  mbont  the  natural  size  adapted  from  Uenle  and  Kiilliker). 

+    fig.  238,     Pacinian  corpiwcle  of  the  cat's  mesenteiy.     The  atalk  coniiate 

*^  nerre-fibTs  (N)>  with  its  thick  outer  sheath.     The  jieripheral  capsules  of 

^*  fWoian  corpotcle  are  continnous  with  the  outer  sheath  of  the  stalk.    Tho 

*^^niiediarj  part  becomes  much  narrower  near  the  entnsce  of  the  axis- 

lUndar  into  the  clear  central  mass.     A  hook-shaped  tenninstion  with  the 

*^-biiIb  (T)   ia  teen   is  the   upper  part.    A  blood-vessel  (V)  enters  the 

^'*iliitn  coTpnacle,  and  approaches  the  end-bulb ;  it  possesses  a  sheath  which 

I        "Ik  conttniiation  of  the  peripheral  capsules  of  the  rucinian  corposcle.      x 

\,      "*■  (Kldn  and  Noble  Smith. ) 
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a  narrow  pedicle  to  the  nerve  on  vhich  it  it  ntu&ted ;  it  is  formet 
of  several  concentric  layers  of  fine  memlnwie,  conBistingof  a  hyaUn 
groand-membrane  with  connective  tinue  fibres,  arranged  in  one  o 
two  layers  irregularly,  each  layer  being  lined  by  endothelium  (fig 
339) ;  through  its  pedicle  passes  a  single  nerve-fibre,  which,  afl« 
traversing  the  several  concentric  layers  and  their  immediate  spaoei 
enters  a  central  cavity,  and,  gradually  losing  its  dark  border,  an 
becoming  amallor,  terminates  at  or  near  the  distal  end  of  Ht 
cavity,  in  a  knob-like  enlairgemeni 
or  in  a  bifiircation.  The  eolargt 
ment  commonly  found  at  the  em 
of  the  fibre,  is  said  by  Pacini  t 
resemble  a  ganglion-oorposcle  j  bu 
this  observation  has  not  been  ocn 
firmed.  In  some  casea  two  nerve 
have  been  seen  entering  <Hie  Paciniai 
body,  and  in  others  a  nerve  afl« 
passing  unaltered  through  one,  hf 
been  observed  to  terminate  in 
second  Pacinian  coiptiscle.  T 
phyeiological  import  of  these  bod 
is  still  obscure. 

(2.)  £nd^ttlb»  are  found  in 
conjunctiva,  in  the  penis  and  clit 
in  the  skin,  and  in  tendon  ;  «» 
composed  of  a  medullated  t 
fibre  which  terminates  in  corpuscles  of  various  shapes,  ■* 
capsule  containing  a  transparent  or  striated  moss,  in  the 
of  which  terminates  the  axie-cylinder  of  the  nerro-fibi 
ending  of  which  is  somewhat  clubbed  (fig.  204). 

(3.)  Tmuji  corptuclfg  (fig.  203),  iue  found  iu  the  papillaa  of 
or  among  its  epithelium ;  they  may  be  simple  or  compoun 
simple  they  are  largo  and  slightly  flattened  transparent  r 
ganglia  cells  enclosed  in  a  cnpsiilc ;  when  compound  th' 
contains  several  small  cells. 


*  Fig.  239.  Siunmit  of  a  I'l 
the  cndotliclial  membranes  liui 
Smith.) 
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(4.)  In  plexutf*,  as  in  the  cornea,  both  sub-epithelial  and  bIbo 
intra-epitheliol  (p.  671). 

(5.)  In  cells,  as  in  the  salivaiy  glands  (p.  s-jZ),  and  in  the 
special  ecuse  organs.  To  the  latter,  further  allusion  will  be  made 
in  a  future  chapter. 

(b.)  Motory. — (i.)  In  vnttripfd  muscle,  the  nerves  first  of  all 


Fig.  340.' 


form  a  plexus,  called  the  ground  plexus  (Arnold),  correBponding  to 
each  group  of  muBclo  bundles ;  the  pleiiiB  ia  made  by  the  anasto- 

*  Fig.  240.  Tvo  striped  muscle-fibres  of  the  hjoglouiu  of  frog.  a.  Nwre 
cnd-pktc ;  b,  nerve-fibrea  leaTing  the  end-plate  ;  c,  nerre-fibtes,  tenninitiiig 
after  dividinj;  into  brattchei ;  d,  a  nucleus  in  which  two  nerre-fibTw  uuito- 
luoM.     X  60a    AmdL    (Copied  b;  Klein  and  Noble  Smith.) 
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mosis  of  the  primitive  fibrils  of  the  axis-cylinders.      From  the 
ground  plexus,  branches  pass  off,  and  again  anastomosing,  form 
plexuses  which  correspond  to  each  muscle  bundle, — intermediary 
plexuses.     From  these  plexuses  branches  consisting  of  primitive 
fibrils  pass  in  between  the  individual  fibres  and  anastomose,  (inter- 
muscular fibrils,   Klebs).      These  fibrils  either   send    off  finer 
branches,  or  terminate  themselves  in  the  nuclei  of  the  muscle  cells. 
(2.)  In  striped  muscle  the  nerves  end  in  the  so-called  "  motorial 
end-plates"  having  first  formed,  as  in  the  case  of  unstripcd  fibres, 
ground   and  intermediary  plexuses.     The  nerves  are,  however, 
medullated,  and  when  a  branch  of  the  intermediaiy  plexus  passes 
to  enter  a  muscle-fibre,  its  primitive  sheath  becomes  continuous 
with  the  sarcolemma,  and  the  axis-cylinder  forms  a  network  of  its 
fibrils  on  the  surface  of  the  fibre.     This  network  lies  embedded  in 
a  flattened  granular  mass  containing  nuclei  of  several  kinds ;  this 
is  the  motorial  end-plate  (fig.  240).  In  batrachia,  besides  end-plate0» 
there  is  another  way  in  which  the  nerves  end  in  the  miiscle-fibres^ 
viz.,  by  rounded  extremities,  to  which  oblong  nudei  are  attach^^ 
(Amdt).      • 

B.  Central  Ending& 

The  central  termination  of  nerve-fibres  can  be  better  consider^ 
after  the  accoimt  of  the  vesicular  nerve-substance. 

Effects  of  Section  of  Nerves. — If  a  nerve  be  divided,  iM 
distal  (peripheral)  segment  speedily  undergoes  fatty  degeueraticF 
while  the  proximal  portion,  which  retains  its  connection  with  tl 
nerve-centre,  remains  longer  unaffected ;  fix)m  which  it  has  be 
argued  that  the  ganglion-cells  with  which  it  is  connected  influei 
its  nutrition  (Waller). 

Nerve-fibres,  after  being  divided,  lose  their  clearness  of  outl 
the  medullary  sheath  breaks  up  into  short  pieces,  and  finally 
generates  into  a  number  of  fatty  molecules.     The  axis-cylir 
also  break  down  and  disappear. 

Nerve-corpuscles. 

The  tesicular  nervous  substance  cont^ns,  as  its  name  ij 
vesicles  or  corpuscles^  in  addition  to  fibres ;  and  a  structur 
composed  of  corpuscles  and  inter-communicating  fibres,  com 
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Fig,  24i.» 


«  nerve-centre :  the  chief  nerve-centres  being  the  grey  matter  of 
the  brain  and  spinal  cord,  and  the  various  so-called  ganglia.  In 
the  brain  and  spinal  cord  a  fine  stroma  of  retiform  tissue  called 
the  neuroglia  extends  throughout  both  the  fibrous  and  vesicular 
nervous  substance,  and  forms  a  supporting  and  investing  frame- 
work for  the  whole. 

The  nerve-corpuscles  which  give  to  the  ganglia  and  to  certain 
parts  of  the  brain  and  spinal  cord  the  peculiar  greyish  or  reddish- 
grey  aspect  by  which  these  parts  are  characterised,  are  large,  nu- 
cleated ceUs^  filled  with  a  finely  granular  material,  some  of  which 
is   often  dark  like    pigment  :    the 
nucleus,    which   is   vesicular,    con- 
taining a  nucleolus.     Besides  vary- 
ing much  m  shape,  partly  in  con- 
sequence of  mutual  pressure,  they 
j>z'e8ent     such    other    varieties    as 
ake  it  probable  either  that  there 
two  different  kinds,  or  that,  in 
e  stages  of   their   development, 
cy  pass    through   very  different 
fo>:K-mB.      Some  of  them  are  small, 
erally  spherical    or   ovoid,   and 
^re  a  regular  uninterrupted  out- 
c.    These  timple  nerve-corpuscles 
most   niunerouB   in   the   sym- 
P^'t:^etic  ganglia;  each  is  enclosed 
a   nucleated    shtoth.      Others, 
ich  are  called  caudate  or  stellate 
^^^"^"^-corpusdes      (flja;.      241),      are 
ir,  and  have  one,  two,  or  more 
_  processes  issuing  from  them, 
"^^   cells  being  called  respectively 
^^^'^j)olar,    hijyolar^    or    multipolar  ; 

^*xich  processes  often  divide  and  subdivide,  and  appear  tubular, 
*^^  filled  with  the  same  kind  of  granular  material  that  is  con- 
"^^Ued  within  the  corpuscla     Of  these  processes  some  appear  to 


I 


lo 


*  Fig.  241.     GaogUon  nerve-corpuscles  of  different  shapes.     (Klein  and 
*oble  Smith.) 
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taper  to  a  point  and  tenuinate  at  a  greater  or  less  distance  froo 
ib.0  corpUBcle  j  some  appear  to  anastomose  with  similar  oBut 
from  other  corpuscles ;  while  others  are  continuous  with  nerre 


fibres,  the    prolongation  from  the  cell  b;  degrees  assuming  tli: 
characters  of  the  nerve-fibre  with  which  it  is  continuous. 

Ganglion-cotls  are  each  enclosed  in  a  transparent  mcmbranou 
capsule  similar  in  appearance  to  the  nucleated  sheath  of  Schwani 

*  Fig.  Z42,  An  isolated  B;in|Kithetic  gaDglioD.cell  of  mui,  showing,  ellMt 
nith  nucleuted-cell  lining,  B.  A.  Ganglion-^cll,  with  nucletu  tmd  nnclodiu 
C  Branched  process.  D.  UnTwanohed  process.  Copied  from  Key  an 
Bttzios.     X  75a     (Klein  and  Noble  Smith.) 


.V- 


CHAP.  XYiii.]        FUNCTIONS    OF   NERVE-FIBEES.  479 

in  nerve-fibres :  within  this  capsule  is  a  layer  of  small  flattened 
cells. 

That  process  of  a  nerv€-cell  which  becomes  continuous  with  a 
nerve-fibre  is  always  unbranched,  as  it  leaves  the  cells.  It  at 
first  has  all  the  characters  of  an  axis-cylinder,  but  soon  acquires 
a  medullary  sheath  and  then  may  be  termed  a  nerve-fibre.  This 
continuity  of  nerve-cells  and  fibres  may  be  readily  traced  out  in 
the  anterior  comua  of  the  grey  matter  of  the  spinal  cord. 

In  many  large  branched  nerve-cells  a  distinctly  fibrillated 
appearance  is  observable ;  the  fibrillse  are  probably  continuous 
with  those  of  the  axis-cylinder  of  a  nerve. 

Fanotions  of  Nerve-Fibres. — When  a  cerebro-spinal  nerve- 
fibre  is  irritated  in  the  living  body  as  by  pinching,  or  by  heat,  or 
by  electrifying  it,  there  is,  under  ordinary  circumstances,  one  of 
two  effects, — either  there  is  pain,  or  there  is  twitching  of  one  or 
more  muscles  to  which  the  nerve  distributes  its  fibres.  From 
various  considerations  (to  be  afterwards  explained,  p.  483,)  it  is 
certain  that  pain  is  always  the  result  of  a  change  in  the  nerve- 
cells  of  the  brain.  Therefore,  in  such  an  experiment  as  that 
referred  to,  it  seems  to  the  experimenter  that  the  irritation  of  the 
nerve-fibre  is  conducted  in  one  of  two  directions,  t.«.,  either  to  the 
brain  (central  termination  of  thejibre),  when  there  is  pain,  or  to  a 
muscle  {peripheral  termination)  when  there  is  movement. 

The  effect  of  this  simple  experiment  is  a  type  of  what  always 
occurs  when  nerve-fibres  are  engaged  in  the  performance  of 
their  functions.  Tlje  residt  of  stimulating  them,  which  roughly 
imitates  what  happens  naturally  in  the  body,  is  found  to  occur 
at  one  or  other  of  their  extremities,  central  or  peripheral,  never 
at  both ;  and  in  accordance  with  this  fact,  and  because,  for  any 
given  nerve-fibre,  the  result  is  always  the  same,  nerves  are 
commonly  classed  as  senaory  or  motor ;  the  corresponding  terms 
centripetal  and  centrifugal  being  often  employed  instead,  for  a 
reason  which  will  subsequently  appear  (p.  480). 

It  may  be  well  to  state,  in  order  to  avoid  confasion,  that  the  apparent 
condnction  in  both  directions,  which  seems  to  occor  when  a  nerve,  say  the 
nhiar  or  median,  is  irritated,  depends  on  the  fact  that  both  motor  and 
BesnBOTj  fibre*  are  bound  up  together  in  the  same  n^rre»trHnk§ — an  arrange- 
ment which,  for  medium-sized  and  large  nerves,  is  the  rule  rather  than  tiie 
exception. 
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Conduction  in  Nerves. — Microscopic  examination  fails  to 
discover  the  slightest  diffei-ence  between  motor  and  sensory  nerve- 
fibres,  and  the  question  therefore,  natucally  arises  whether  the 
conduction  of  a  stimulus  in  one  direction  only,  is  not  rather 
apparent  than  real,  the  difference  in  the  result  being  due  to  the 
different  connections  of  the  two  kinds  of  nerve-fibres  respectively 
at  their  extremities.  In  other  words,  when  the  stimulation  of  a 
nerve-fibre  causes  pain,  the  result  is  due  to  its  central  extremity 
being  in  connection  with  structures  which  alone  can  give  rise  to 
the  sensation,  while  its  peripJieral  extremity,  although  the  stimulus 
is  equally  conducted  to  it,  has  no  connection  with  a  structuro 
which  can  respond  to  the  irritation  in  any  manner  sensible  to  the 
observer.  So,  when  motion  is  the  result  of  a  like  irritation,  it  is 
because  the  periplieral  extremity  of  the  nerve-fibre  is  in  connection 
with  muscles  which  will  respond  by  contracting,  while  its  centful 
extremity,  although  equally  stimulated,  has  no  means  of  showing 
the  fact  by  any  evident  result. 

That  this  is  the  true  explanation  is  made  highly  probable,  not 
merely  by  the  absence  of  any  structural  differences  in  the  two 
kinds  of  nerve-fibre,  but  also  by  the  fact,  proved  by  direct  experi- 
ment, that  if  a  centripetal  nerve  (gustatory)  be  divided,  and  its 
central  portion  be  made  to  unite  with  the  distal  portion  of  * 
divided  motor  nerve  (hypoglossal)  the  effect  of  irritating  tb« 
former  after  the  parts  have  healed,  is  to  excite  contraction  in  tb* 
muscles  supplied  by  the  latter.     (Philippeaux  and  Vulpian.) 

Moreover  it  has  been  shown  that  the  effects  of  an  electro* 
current  on  a  nerve-trunk  are  conducted  equally  well  in  ho^ 
directions. 

Classification  of  Werve-Pibres.— i.  Centripetal,  afferent,  ^ 
2.  Centrifugal,  efferent,  or  motor.     3.  Intercentral. 

The  terms  centripetal  or  afferent^  and  centrifugal  or  efereni  0^ 
frequently  employed  in  connection  with  nerve-fibres  in  lieu  ^ 
the  corresponding  terms  sensory  and  motor^  because  the  result 
stimulating  a  nerve  of  the  former  kind  is  not  always  the  prod«^^ 
tion  of  pain  or  other  form  of  sensation,  nor  is  motion  tJ^ 
invariable  result  of  stimulating  the  latter. 

Conduction  in  centripetal  nerves  may  cause  (a)  pain,  or  soi^ 
otlier  kind  of  sensation ;  or  (h)  reflex  action ;  or  (c)  inhibition,  ^ 
restraint  of  action 
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Conduction  in  centrifugal  nerves  may  cause  (a)  contraotion  of 
TQUBcle  {p.  485),  (the  nerves  being  in  this  case  termed  motor)  ;  or 
^6)  it  may  influence  nutrition  (trophic  nerves)  (p.  380);  or  (e) 
may  influence  secretion  {tecretori/  nerves)  (pw  281). 

The  term  itUercfJilral  is  applied  to  tttose  nerve-fibrea  which 
connect  more  or  less  distinct  nerve-centres,  and  may,  therefore, 
be  said  to  have  no  periphtral  distribution,  in  the  ordinary  sense  of 
the  term. 

Laws  of  Conduction  in  UTerre-flbrei. — Nerve-fibres  possess 
DO  power  of  generating  force  in  themselves,  or  of  originating 
impulses  to  action  :  for  the  manifestation  of  their  peculiar  endow- 
ments they  require  to  be  stimulated.  They  possess  a  certuu 
property  of  conducting  impressions,  a  property  which  bos  been 
named  excitability  or  irritability ;  but  this  is  never  manifested 
till  some  stimulus  is  applied.  Thus,  under  ordinary  circumstances, 
nerves  of  sensation  are  stimulated  by  eittemal  objects  acting  upon 
their  extremities  ;  and  nerves  of  motion  by  the  will,  or  by  some 
force  generated  in  the  nervous  centres.  But  almost  all  things 
that  con  disturb  the  nerves  from  their  passive  state  act  as  stimuli, 
and  agents  the  most  dissimilar  produce  the  same  kind,  though  not 
the  same  degree  of  effect 

Thus — mechanical,  chemical,  electric,  and  thermal  stimuli, 
when  applied  to  ports  endowed  with  sensation,  or  to  sensory  nerves 
^the  connection  of  the  latter  with  the  brain  being  imu^ured),  all 
cause  scuKatioue,  and,  when  applied  to  the  nerves  of  muscles,  all 
excite  contraction. 

Mechanical,  chemical,  or  any  other  irritation,  when  so  violent 
as  to  injure  the  texture  of  the  primitive  nerve-fibres,  deprives  the 
centripetal  nerves  of  their  power  of  producing  sensations  when 
irritation  is  again  applied  at  a  point  more  distant  from  the  brain 
than  the  injured  spot;  and  in  the  some  way,  no  irritation  of  a 
motor  nerve  will  excite  contraction  of  the  muscle  to  which  it  is 
distributed,  if  the  nerve  has  been  compressed  and  bruised  between 
the  point  of  irritation  and  the  muscle  ;  the  effect  of  such  an  injuiy 
being  the  same  as  that  of  division. 

It  is  a  law  of  action  in  all  nerve-fibres,  and  corresponds  with  the 
continuity  and  simplicity  of  their  course,  that  an  impression  made 
on  any  fibre,  is  simply  and  uninterruptedly  trsngmitted  along  it, 
without  being  imparted  or  diffused  to  any  of  the  filwes  lying  near 


V  oiocity  01  Werve-forca. — N 

(.'sticmteil  the  average  rate  of  com 
at  1 1 1  feet  per  Becoud  :  this  result 
previously  obtained  by  Hirsch. 
agree  with  those  of  Von  Wittich,  t 
uauorj  nerves  is  about  140  feet  pe: 

Of  the  laws  of  conduction  peculii 
motion  respectively,  many  can  be  a> 
on  the  roots  of  the  nerves.  For  it  i 
nerves  of  sensation  and  of  motion 
Hbortly  after  their  departure  firom  th 
together,  BO  that  nearly  all  nerves 
Benoes,  consist  of  both  sensitive  e 
henoo  termed  mixed  nerves. 

Condnotlon  In  Sensory  ITem 
(p.  480)  able  to  convey  impressiouj 
they  are  distributed,  towards  the  i 
arise,  or  to  which  they  tend.  Thui 
divided,  and  irritation  is  applied  i 
portion, !.«.,  of  the  portion  still  count 
sensation  is  perceived,  or  a  reflex  s 
end  of  the  distal  portion  of  the  divid 
appears. 
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BeoBation  is  felt  at  all  the  parts  which  receive  branches  from  it ; 
but  when  only  individual  portiona  of  the  trunk  are  irritated,  the 
Bensation  ia  perceived  at  those  porta  only  which  arc  supplied  by 
the  several  portions.  Thus,  if  we  compress  the  ulnar  nerve 
where  it  lies  at  the  inner  side  of  the  elbow-joint,  behind  the 
internal  condyle,  wo  have  the  sensation  of  "  pins  and  needled," 
or  of  a  shock,  in  the  parts  to  which  its  fibres  ore  distributed, 
namely,  in  the  palm  and  back  of  the  hand,  aud  in  the  fifth  and 
ulna  half  of  the  fotu^h  finger.  ^Vhen  stronger  pressure  is 
made,  the  sensations  are  felt  in  the  fore-arm  also ;  and  if  the 
mode  and  direction  of  the  pressure  be  varied,  the  sensation '  is 
felt  by  turns  in  the  fourth  finger,  in  the  fifth,  and  in  the  palm  of 
the  hand,  or  in  the  back  of  the  hand,  according  as  difierent  fibres 
or  &sciculi  of  fibres  are  more  pressed  upon  tlian  others. 

XUiutrations  of  oonduotion  in  Sensory  ITerves-— It  i»  in 
■ccoidanco  with  this  law,  that  when  parte  are  deprived  of  seudbilitj  t^ 
compresBioD  or  division  of  the  nervcsropplyiDKthem,irritationof  UieportJoit 
of  the  nerve  connected  willi  the  brain  still  excites  sensation*  which  aie  felt 
RB  if  derived  from  the  parts  to  which  the  peripheral  citramitieB  of  the  nerve- 
fibres  are  diiitribDted.  Thus,  there  ore  cases  of  parolyeia  in  which  the  limbs 
are  totallj  insensible  to  extemni  stimali,  yet  are  the  seat  ot  most  violent 
pain,  resulting  apparently  from  irritation  ot  the  sound  psrt  of  the  trunk  of 
the  nerve  still  in  connection  with  the  brain,  or  from  irritation  of  those  parts 
of  the  nervous  centre  from  which  the  sensory  nerve  or  nerves  which  sapplf 
the  parHlyscd  limbs  originate. 

An  illostratioa  of  the  same  law  is  also  aSotded  by  the  cases  in  which 
division  of  a  nerve  for  the  cure  of  neuralgic  pain  is  found  useless,  and  in 
wbich  the  paia  continiieB  or  returns,  thoagh  portions  of  the  nerves  be 
Temoved.  In  such  coses,  the  disease  ia  probably  seated  nearer  the  nervona 
centte  than  the  part  at  which  the  division  of  the  nerre  is  made,  or  It  may  be 
in  the  nervous  centre  itself.  In  the  same  way  may  be  expUdned  the  fact, 
that  when  part  of  a  limb  has  been  removed  by  amputation,  the  remaining 
portions  ot  the  nerves  may  give  rise  to  sensations  which  the  mind  refers  to 
the  loat  part.  When  the  stump  is  healed,  the  senBations  which  we  are 
accustomed  to  have  in  a  sound  limb  are  still  felt ;  and  tingling  and  paina 
are  relerred  to  the  parts  that  are  lost,  or  to  paiticnlar  portions  of  Ihcm,  as  to 
single  toes,  lo  the  sole  of  the  toot,  to  the  dorsum  of  the  foot,  etc 

It  must  not  be  assumed  (as  Volkmann  shows)  as  it  often  has 
been,  that  the  mind  has  no  power  of  discriminating  the  very  point 
in  the  length  of  any  nervo-fibre  to  which  an  irritation  is  applied. 
Even  in  the  instances  referred  to,  the  mind  perceives  the  preaaure 
of  a  nerve  at  the  point  of  pressure,  as  weU  as  in  the  seeming  son- 
aations  derived  from  the  extr^nities  of  the  fibres :  and  in  stumps, 
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pain  is  felt  in  the  stump,  as  well  as,  seemingly,  in  the  parts  remoTed. 
It  is  not  quite  certain  whether  those  sensations  are  dae  to  conduc- 
tion through  the  nerve-fibres  which  are  on  their  way  to  be  dis- 
tributed elsewhere,  or  through  the  sentient  extremities  of  nerves 
which  are  themselves  distributed  to  the  many  trunks  of  the  nerves, 
the  nervi  nervortim.     The  latter  is  the  more  probable  suppoBition. 

The  habit  of  the  mind  to  refer  impressions  received  throagh  the  senBOiy 
nerves  to  the  parts  from  which  impressions  throagh  those  nerves  are,  or 
were,  commonly  received,  is  farther  exemplified  when  the  relative  podtion 
of  the  peripheral  extremities  of  sensitive  nerves  is  changed  artificially,  as  in 
the  transposition  of  portions  of  skin.    When  in  the  restoration  of  a  note,  a 
flap  of  ^in  is  turned  down  from  the  forehead  and  made  to  unite  with  the 
stump  of  the  nose,  the  new  nose  thus  formed  has,  as  long  as  the  isthmus  of 
skin  by  which  it  maintains  its  original  connections  remains  undivided,  the 
same  sensations  as  if  it  were  still  on  the  forehead.    In  other  words,  when 
the  nose  is  touched,  the  patient  feels  the  impression  as  if  it  were  made  en 
the  forehead.    When  the  communication  of  the  nervous  fibres  of  the  nev 
nose  with  those  of  the  forehead  is  cut  off  by  division  of  the  isthmus  of  skin, 
the  sensations  arc  no  longer  referred  to  the  forehead ;  the  sensibility  of  the 
nose  Is  at  first  absent,  but  is  gradually  developed. 

When,  in  a  part  of  the  body  which  receives  two  sensory  nerves, 
one  is  paralysed,  the  other  may  or  may  not  be  inadequate  ^ 
maintain  the  sensibility  of  the  entire  part ;  the  extent  to  which 
the   sensibility   is  preserved    corresponding    probably  with  the 
number  of  the   fibres  unaffected  by  the  paralysis.     There  «w 
instances  in  which  the  trunk  of  the  chief  sensory  nerve  supplirf 
to  a  part  having  been  divided,  the  sensibility  of  the  part  is  still 
preserved    by   intercommunicating    fibres  from   a  neighbouring 
nerve-trunk. 

Conduction  in  the  Nerves  of  Special  SenEe. — ^The  I^^ 
of  conduction  in  the  olfactory,  optic,  auditory,  gustatory — resefflH* 
in  many  aspects  those  of  conduction  in  the  nerves  of  common  s^ 
sation,  just  described.     Thus  the  effect  is  always  central ;  stifflol*' 
tion  of  the  trunk  of  the  nerve  produces  the  same  effect  as  that  ^ 
its  extremities,  and  if  the  nerve  be  severed,  it  is  the  central  ^ 
not  the  peripheral  extremity  which  responds  to  irritation,  althoup 
the  sensation  is  referred  to  the  periphery.     There  are,  howcWTf 
certain  peculiarities  in  the  effects.      Thus  the  various  stimot 
which  might  cause,  through  an  ordinary  sensitive  nerve,  the  8en* 
of  pain,  would,  if  applied  to  the  optic  nerve,  cause  a  sensatioa  tf 
of  flashes  of  light ;  if  applied  to  the  olfactory,  there  would  be  % 
sense  as  of  something  smelt.     And  so  with  the  other  two. 
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Honuo  the  explanation  of  so-called  tulijtctive  acuBationa.  Irri- 
tation in  the  optic  nerve,  or  the  part  of  the  brain  from  which  It 
arisea,  may  cause  a  patient  to  believe  be  sees  flashes  of  light, 
and  among  the  commonest  trottblee  of  the  norreB  of  special  sense, 
is  the  distreasing  noise  in  the  head  {tinnitvt  aurium),  which 
depends  on  some  unknown  stimulation  of  the  auditor^  nerve  or 
centre  quite  unconnected  with  external  sounds. 

Conduction  in  Motor  ITerves. — Conduction  in  motor  nerves 
presents  a  remarkable  contrast  with  the  foregoing.  Thus — the 
effect  of  applying  a  stimulus  to  the  motor  nerve  is  always  notice- 
able, at  the  peripheral  extremity,  in  the  contraction  of  muscles 
supplied  by  it ;  no  eflfect,  as  pain  or  any  other  kind  of  sensation, 
being  observable.  If  a  motor  nerve  be  severed,  the  contrast  with 
a  sensory  nerve  is  equally  marked.  While  irritation  of  the  distal 
portion  causes  contraction  of  muscle  ns  before,  no  effect  whatever 
is  produced  by  stimulating  that  part  of  the  nerve  which  is  still 
in  direct  connection  with  the  nerve-centre. 

By  mechanical  irritation  of  a  motor  nerve,  contractions  are 
excited  in  all  the  muscles  supplied  by  the  branches  given  off  by 
the  nerve  below  the  point  irritated,  aud  in  those  muscles  alone  : 
the  muscles  supplied  by  the  branches  which  como  off  from  the 
nerve  at  a  higher  point  than  that  irritated,  are  not  directly  ex- 
cited to  contraction.  And  it  is  Arom  the  same  foct  that,  when  a 
motor  nerve  enters  a  plexus  (p.  472)  and  contributes  with  other 
nerves  to  the  formation  of  a  nervous  trunk  proceeding  from  the 
plexus,  it  does  not  impart  motor  power  to  the  whole  of  that  trunk, 
but  only  retains  it  isolated  in  the  fibres  which  form  its  continna- 
tion  in  the  branches  of  that  trunk. 

(For  an  exception  to  this  rule  in  the  case  of  electric  stimulation, 
see  Section  on  Electricity  in  Muscle  and  Nerve.) 

Fonctiona  of  Iferre-Centres. —  The  functions  of  nervo- 
ccntres  may  be  classified  aa  follows: — i.  Conduction.  2.  Trans- 
ference.    3.  Reflection.    4.  Automatism. 

The  term  antomatiBm  is  here  need  to  indicate  iadependfitt  action  on  the 
put  of  tbe  nerve-ceatre,  as  distingalBbed  from  tbe  actions  previonstjr 
enmnented,  which  depend  on  nerve-Btimuli  brooght  to  tlie  uerre-centro 
from  other  paite. 

I.  ConAuotion.— Conduction  in  or  through  nene-centret  may  t<e 
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thus  simply  illustrated.      The  food  in  a  given  portion  of  the 
intestines,  acting  as  a  stimulus,  produces  a  certain  impression  on 
the  nerves  in  the  mucous  membrane,  which  impression  is  conveyed 
through  them  to  the  adjacent  ganglia  of  the  sympathetic.    In 
ordinary  cases,  the  consequence  of  such  an  impression  on  the 
ganglia  is  the  movement  by  reflex  action  (p.  487)  of  the  muscu- 
lar coat  of  that  and  the  ^.djacent  part  of  the  canaL     But  if 
irritant  substances  be  mingled  with  the  food,  the  sharper  stimulus 
produces  a  stronger  impression,  and  this  is  conducted  through  the 
nearest  ganglia  to  others  more  and  more  distant ;  and,  from  aU 
these,  reflex  motor  impulses  issuing,  excite  a  wide-extended  and 
more  forcible   action  of  the   intestines.      Or  even  through  the 
sympathetic  ganglia,  the  impression  may  be  further  conducted 
to  the  ganglia  of  the  spinal   nerves,  and  through  them  to  the 
spinal  cord,  whence  may  issue  motor  impulses  to  the  abdominal 
and   other   muscles,   producing  cramp.      And  yet   further,  the 
same     morbid     impression    may     be    conducted    through    the 
spinal  cord  to  the  brain,  where  it  may  be  fdt.     In  the  opposite 
direction,   mental   influence   may  be   conducted   from   the  brain 
through  a  succession   of  nervous   centres — the  spinal  cord  and. 
ganglia,  and  one  or  more  ganglia  of  the  sympathetic — ^to  produce 
the   influence   of  the  mind  on  the  digestive  and  other  origans   "z 
altering  both  the  quantity  and  quality  of  their  secretions. 

2.  Transference  of  Nerve-force. — It    has  been  previouBl, 
stated  that  impressions  conveyed  by  any  centripetal  nerve-fi 
travel  uninterruptedly  throughout  its  whole  length,  and  are 
communicated  to  adjacent  fibres. 

When  such  an  impression,  however,  reaches  a  nerve-centre,  ■-  * 
may  seem  to  be  communicated  to  another  fibre  or  fibres ;  as  pai^* 
or  some  other  kiud  of  sensation  may  be  felt  in  a  part  differed-* 
altogether  from   that  from    which,   so   to   speak,    the  stimnl^^ 
started.     Thus,  in  disease  of  the  hip,  there  may  be  pain  in  th^ 
knee.     This  apparent  chauge  of  place  of  a  sensation  to  a  part  t^ 
which  it  would  not  seem  properly  to  belong  is  termed  tranffertf^^ 

The  transference  of  impressions  may  be  illustrated  by  the  fr^ 
just  referred  to, — the  pain  in  the  knee,  which  is  a  common  ai?** 
of  disease  of  the  hip.  In  this  case  the  impression  made  by  ^ 
disease  on  the  nerves  of  the  hip-joint  is  conveyed  to  the  spii**^ 
cord ;  there  it  is  transferred  to  the  central  ends  or  connectiona  of 
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the  nerve-fibres  which  are  distributed  about  the  knee.  Through 
these  the  transferred  impression  is  conducted  to  the  brain,  which, 
referring  the  sensation  to  the  part  from  which  it  usually  through 
these  fibres  receives  impressions,  feels  as  if  the  disease  and  the 
80iirce  of  pain  were  in  the  knee.  At  the  same  time  that  it  is 
transferred,  the  primary  impression  may  be  also  conducted  to  the 
brain ;  and  in  this  case  the  pain  is  felt  in  both  the  hip  and  the 
knee.  And  so,  in  whatever  part  of  the  respiratory  organs  an 
irritation  may  be  seated,  the  impression  it  produces,  being  con- 
ducted to  the  medulla  oblongata,  is  transferred  to  the  central 
connections  of  the  nerves  of  the  larynx ;  and  thence,  being  con- 
ducted as  in  the  last  case  to  the  brain,  the  latter  perceives  the 
peculiar  sensation  of  tickling  in  the  glottis,  which  excites  the  act 
of  coughing.  Or,  again,  when  the  sun's  light  falls  strongly  on  the 
eye,  a  tickling  may  be  felt  in  the  nose,  exciting  sneezing. 

A  variety   of  transferencey  which  may  bo  termed  diffiuion  or 

radiation  of  impremons,  is  shown  when  an  impression  received  by 

&  nervous  centre  is  diffused  to  many  other  parts  in  the  same 

oentre,  and  produces  sensations  extending  far  beyond  the  part 

fircm  which  the  primary  impression  was  derived.     Hence,  as  in  the 

ft>Tmer  cases,  result  various  kinds  of  what  have  been  denominated 

sympathetic  sensations.     Sometimes  such  sensations  are  referred 

ahnost  every  part  of  the  body :  as  in  the  shock  and  tingling 

the  skin  produced  by  some  startling  noise.     Sometimes  only 

parts  immediately  surroimding  the  point  first  irritated  partici- 

in  the  effects  of  the  irritation ;  thus,  the  aching  of  a  tooth 

LJ  be  accompanied  by  pain  in  the  adjoining  teeth,  and  in  all  the 

^^trounding  parts  of  the  face ;  the  explanation  of  such  a  case  being, 

^^t  the  irritation  conveyed  to  the  brain  by  the  nerve-fibres  of  the 

^^^cased  tooth  is  radiated  to  the  central  ends  of  adjoining  fibres, 

^^d  that  the  mind  perceives  this  secondary  impression  as  if  it  were 

^^ved  fi:x)m  the  peripheral  ends  of  the  fibres. 

3«  Beflection  of  Nerve-Stimuli. — In  the  cases  of  tramference 
^^  nerve-force  just  described,  it  has  been  said  that  all  that  need  be 
•*^umed  is  a  communication  of  the  excited  condition  of  a  centri- 
P^  nerve  to  other  parts  of  its  nerve-centre  than  that  from  which 
*^  takes  its  origin.  In  the  case  of  reflectionj  on  the  other  hand, 
*ke  stimulus  having  been  conveyed  to  a  nerve-centre  by  a  centri- 
PrtaZ  nerve,  is  conducted  away  again  by  a  centrifugal  nerve,  and 
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effects  some  change — motor ^  secretory  or  nutritive  (p.  481)  at  tlie 
peripheral  extremity  of  the  latter — ^the  difference  in  effect  depend- 
ing on  the  variety  of  centrifugal  nerve  secondarily  affected.    Ab 
in  transference,  the   reflection  may  take  place  from  a  certain 
limited  set  of  centripetal  nerves  to  a  corresponding  and  related  set 
of  centrifugal  nerves ;  as  when  in  consequence  of  the  impression  of 
light  on  the  retina,  the  iris  contracts,  but  no  other  muscle  morea 
Or  the  reflection  may  extend  to  widely  different  parts :  as  when  an 
irritation  in  the  larynx  brings  all  the  muscles  engaged  in  expira- 
tion into  coincident  movement. 


Beflex  movements,  occurring  quite  independently  of  sensation,  are  gene- 
rally called  excito-motor  ;  those  which  are  guided  or  accompanied  by  sen*' 
tion,  but  not  to  the  extent  of  a  distinct  perception  or  intellectual  process 
termed  urngori-motor. 


Laws  of  Beflex  Action. 

(a)  For  the  manifestation  of  every  reflex  action,  these  things 
are  necessary;  (i),  one  or  more  perfect  cerUApetal  nerve-fibre*^ 
to  convey  an  impression :  (2),  a  nervous  centre  for  its  receptioi*^ 
and  by  which  it  may  be  reflected ;  (3),  one  or  more  centrifiiS^ 
nerve-fibres,  along  which   the  impression  may  be   conducted  t*> 
(4),  the  muscular  or  other  tissue  by  which  the  effect  is  manifest©^ 
(p.  481).     In  the  absence  of  any  one  of  these  conditions,  a  prop^^ 
reflex  action  could  not  take  place ;  and  whenever,  for  exampl^^ 
impressions  made  by  external  stimuli  on  sensoiy  nerves  give  rfe® 
to  motions,  these  are  never  the  result  of  the  direct  reaction  o(^ 
sensory  and  motor  fibres  of  the  nerves  on  each  other  ;  in  all  a^^ 
cases  the  impression  is  conveyed  by  the  afferent  fibres  to  a  nei^*" 
centre,  and  is  therein  communicated  to  the  motor  fibres. 

(6)  All  reflex  actions  are  essentially  involuntary,  though  i»<** 
of  them  admit  of  being  modified,  controlled,  or  prevented  by  * 
voluntary  effort. 

*  (c)  Reflex  actions  performed  in  health  have,  for  the  most  p^ 
a  distinct  purpose,  and  are  adapted  to  secure  some  end  desirabi^ 
for  the  well-being  of  the  body ;  but,  in  disease,  many  of  tbe^ 
are  irregular  and  purposeless.  As  an  illustration  of  the  fi^ 
point,  may  be  mentioned  movements  of  the  digestive  canal,  tb^ 
respiratory  movements,  and  the  contraction  of  the  eyehds  ^ 
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pil  to  exclude  many  rays  of  light,  when  the  retina  is 
I  to  a  bright  glate.  These  and  all  other  normal  reflex 
Ford  also  examples  of  the  mode  in  which  the  nervous 

combine  and  arrange  co-ordinately  the  actions  of  the 
ibres,  so  that  many  muscles  may  act  together  for  the  com- 
id.  Another  instance  of  the  same  kind  is  furnished  by 
asmodic  contractions  of  the  glottis  on  the  contact  of 
c  acid,  or  any  foreign  substance,  with  the  surface  of  the 
tis  or  larynx.  Examples  of  the  purposeless  irregular 
of  morbid  reflex  action  are  seen  in  the  convulsive  move- 
o£  epilepsy,  and  in  the  spasms  of  tetanus  and  hydrophobia, 
[leflex  muscular  acts  are  often  more  sustained  than  those 
ed  by  the  direct  stimulus  of  muscular  nerves.  The  irrita- 
a  muscular  organ,  or  its  motor  nerve,  produces  contraction 

only  so  long  as  the  irritation  continues ;  but  irritation 
.  to  a  nervous  centre  through  one  of  its  centripetal  nerves, 
cite  reflex  and  harmonious  contractions,  which  last  some 
ter  the  withdrawal  of  the  stimulus  (Volkmann). 

Classification  of  Beflex  Aotions  (Kuss). 

tiflex  actions,  in  the  performance  of  which,  both  the  centri- 
tnd  centrifugal  nerves  concerned  are  cerebrospinal;  e.g.^ 
tion,  sneezing,  coughing,  and,  in  pathological  conditions, 
I,  epilepsy. 

«flex  actions,  in  which  the  centripetal  nerve  is  cerebro- 
and  the  centrifugal  is  sympatlietic,  most  often  vcuo-motor ; 
nretion  of  saliva,  or  gastric  juice ;  blushing  or  pallor  of  the 

eflex  actions,  in  which  the  centripetal  nerve  is  of  the 
\etic  system,  and  the  centrifugal  is  cerebrospinal.  The 
y  of  these  are  pathological,  as  in  the  case  of  convulsions 
sd  by  intestinal  worms,  or  hysterical  convulsions. 
«flex  actions,  in  which  both  centripetal  and  centrifugal 
are  of  the  sympatJietic  system  :  as,  for  example,  the  obscure 
which  preside  over  the  secretion  of  the  intestinal  fluids, 
rhich  unite  the  various  generative  functions  and  many 
gical  phenomena. 

Laws  of  Beflex  Aotion  (Fflilger). 
nv  qf  unilateral  reflection. 
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rritation  of  aenaory  nerves  is  reflcutcd  along  the  motor 
ic  eamo  region.     Thus,  if  the  skin  of  a  frog's  foot  be 
tic  right  side,  the  riglu  leg  is  drawn  up. 
f  tt/mmelrical  reflection. 

r  irritation  is  reflected,  not  only  on  one  side,  but  also 
m-eaponding  motor  nervea  of  the  opposite  aide.     Thus, 
cord  of  a  man  has  been  severed  by  a  atjib  in  the  back, 
ot  is  tickled  both  legs  will  be  drawn  up. 
0/  ititfraiti/. 

ove  case,  the  contractions  will  be  more  violent  on  the 
i 

of  radiatior). 

tation  {afferent  impulse)  increaaca,  it  ia  reflected  along 
lervea  which  spring  from  points  higher  up  the  spinal 
.  length  all  the  muscles  of  the  body  are  thrown  into 

jmatlBm. — The  term  inUoraaiUm  is  employed  to  indi- 
■igiuation  of  nervous  impulses  in  nerve-centres,   and 
3tiou  therefrom,  independently  of  previous  reception  of 
rom  anotlier  jMirt. 
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be  performed  without  consciousness  and  will,  we  must  suppose 
that  in  the  first  instance  the  will  directs  the  neire-force  along 
certain  channels  causing  the  performance  of  certain  acts ;  e.g.^ 
the  various  movements  of  flexion  and  extension  involved  in 
walking.  After  a  time  by  constant  repetition,  these  routes  be- 
comey  to  use  a  metaphor,  well  worn  ;  there  is,  as  it  were,  a 
beaten  track  along  which  the  nerve-force  travels  with  much 
greater  ease  than  formerly :  so  much  so  that  a  slight  stimulus 
such  as  the  pressure  of  the  foot  on  the  ground,  is  sufficient  to 
start  and  keep  going  indefinitely  the  complex  reflex  actions  of 
walking  during  entire  mental  abstraction,  or  even  during  sleep. 
In  such  acts  as  reading,  writing,  and  the  like,  it  would  appear  as 
if  the  will  set  the  necessary  reflex  machinery  going,  and  that  the 
reflex  actions  go  on  iminterruptcdly  imtil  again  interfered  with  by 
the  wilL 

Without  this  capacity  possessed  by  the  nervous  system  of 

^  organizing  conscious  actions  into  more  or  less  unconscious  ones," 

^»ducation  or  training  would  be  impossible.     A  most  important 

of  the  process  by  which  these  acquired  reflex  actions  come 

be  performed  automatically  consists  in  what  is  termed  omo- 

^jutfu>».     If  two  acts  be  at  first  performed  voluntarily  in  sucoes- 

ion,  and  this  succession  is  often  repeated,  the  performance  of  the 

is  at  once  followed  mechanically  by  the  second.     Instances  of 

lis  "  force  of  habit "  must  be  within  the  daily  experience  of 

"ery  one. 

Of  course  it  is  only  such  actions  as  have  become  entirely  reflex 
can  be  performed  during  complete  unconsciousness,  as  in 
*^^sep.   Cases  of  somnambulism  are  of  course  familiar  to  every  one, 
authentic  instances  are  on  record  of  persons  writing  and  even 
Lying  the  piano  during  sleep. 

Cerebro-spinal  Nervous  System. 

Tlie  physiology  of  the  cerebro-spinal  nervous  system  includes 
^^^t  of  the  Spinal  cord.  Medulla  Oblongata,  and  Brain,  of  the 
^^^end  nerves  given  off  from  each,  and  of  the  Ganglia  on  those 
^rves. 

Miembranes  of  the  Brain  and  Spinal  Cord. 

(i.)  The  Dura  Mater  is  a  tough  membrane  composed  of  bundles 
^  oonnective  tissue  which  cross  at  vaiious  angles,  and  in  whose 
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jmnolied   connective-tiasuo   corpuscles  lie:  the   dura 
id  by  a  thin  ekatic  membrane,  and  oii  both  outer  and 
i  is  a  layer  of  cudothcliat  cella  very  similar  to  tboao 

ArachnoiJta  ib  &  much  more  delicnte  membrane  very 

nicturo  to  Uio  duni  mater,  aud  lined  on  its  free  eur- 

ndotbelial  membrane. 

Pia  Mater  consiata  of  two  chief  layers,  between  which 

lood'Vcssels  ramify.     Between  the  arachnoid  and  piii 

etwork  of  fibroua-tissue  trabeculBo  sbeothcd  with  ondo- 

:  these  aub-orachnoid  tniboculic  divide  up  the  aub- 

jaco  into  a  number  of  irregular  sinusen, 

'  some  similar  trabeciitce,  but  much  fewer  in  number, 

he  aub-dural  space  between  the  dura  muter  and  arach- 

cchiotiiaa  bodies  "  are  growths  from  the  aub-arachnoid 
coimcotive-t issue   trabcculie  which   project   througli 
b  the  inner  layers  of  the  dura  mater  into  the  venous 
lat  membrauc.     The  venous  sinuaea  of  the  dura  mater 
DJectcd  from  the  sub- arachnoidal  space  through  the 
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substance,  of  which  the  former  is  situated  externally,  and  con- 
stitutes its  chief  portion,  while  the  latter  occupies  its  central  or 
axial  portion,  and  is  so  arranged,  that  on  the  surface  of  a  trans- 
verse section  of  the  cord  it  appears  like  two  somewhat  crescentio 
masses  connected  together  by  a  narrower  portion  or  isthmus  (fig. 

244). 

Passing  through  the  centre  of  this  isthmus  in  a  longitudinal 

direction  is  a  minute  canal,  which  is  continued  through  the  whole 

length  of  the  cord,  and  opens  above  into  the  space  at  the  back  of 

medulla  oblongata  and  pons  Varolii,  called  the  fourth  ventricle.  It 

is  lined  by  a  layer  of  columnar  ciliated  epithelium. 

The  spinal  cord  consists  of  two  exactly  symmetrical  halves 

separated  anteriorly  and  posteriorly  by  a  vertical  fissure^  (the 

posterior  fissure  being  deeper,  but  less  wide  and  distinct  than  the 

anterior,)   and  united  in  the  middle  by  nervous  matter  which 

is  usually  described  as  forming  two  commissures — an  anterior 

conunissure,  in  front  of  the  central  canal,  consisting  of  both  white 

And  grey  matter,  and  a  posterior  commissure  of  grey  matter  only, 

behind  the  central  canal  (fig.  244,  b).     Each  half  of  the  spinal 

'<x)rd  is  marked  on  the  sides  (obscurely  at  the  lower  part,  but  dis- 

"tinctly  above)  by  two  longitudinal  furrows,  which  divide  it  into 

^hreo  portions,  columns,  or  tracts,  an  anterior y  middle^  or  lateral^ 

^nd  posterior.    From  the  groove  between  the  anterior  and  lateral 

lumns  spring  the  anterior  roots  of  the  spinal  nerves  (b  and  c,  5) ; 

nd  just  in  front  ef  the  groove  between  the  lateral  and  posterior 

lumn  arise  the  posterior  roots  of  the  same  (b,  6) :  a  pair  of  roots 

n  each  side  corresponding  to  each  vertebra  (fig.  245). 

White  Matter, — The  white  part  of  the  cord  contains  con- 

Lnoations  of  the  innumerable  fibres  of  the  spinal  nerves  issuing 

JK-om  it,  or  entering  it ;  but  it  is  not  formed  of  them  exclusively  ; 

<3r  is  it  a  mere  trunk,  like  a  great  nerve,  through  which  they 

y  pass  to  the  brain. 

Variations  in  Size  of  the  Spinal  Cord. — ^The  general  rule 

^^''Gspecting  the  size  of  different  parts  of  the  cord  appears  to  be, 

'^bat  the  size  of  each  part  bears  a  direct  proportion  to  the  size  and 

Climber  of  nerve-roots  given  off  from  itself,  and  has  but  little 

"^^lation  to  the  size  or  number  of  those  given  off  below  it     Thus 

\      ^\ie  cord  is  very  large  in  the  middle  and  lower  part  of  its  cerviaU 

\      portion,  whence  arise  the  large  nerve-roots  for  the  formation  of 
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•  Fig.  243.  View  of  tbe  Cerebro-spioBl  axis  of  the  bbitoiu  i^rtem  (ilW 
Bourgeiy).— Tbe  right  half  of  the  cnuiium  and  troiih  of  the  bodyhuV^ 
reniovnl  bv  it  rertical  seetiou ;  the  memfanuiea  of  tbe  bntiu  and  ■pinal  mii<i* 
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tchia!  plexuBOB  and  the  supply  of  the  upper  extremitioB, 
un  eulargea  at  the  lowest  part  of  its  dorsal  portion  and 
i>er  part  of  its  lumbar,  at  the  origins  of  the  large  nerves 


after  fitrmiag  the   lumbar  and   sacral  plexuses,  are  dia- 
1  to  the  lower  extremities.     The  chief  cause  of  the  greater 


0  been  ramored,  and  tlu  todU  and  first  part  of  the  fiflh  uiJ  nintli 
and  of  all  ths  ipinal  nerret  of  the  right  dde,  have  been  dissected  out 
wparateljr  on  the  wall  of  the  skull  and  on  the  several  rertebno  oppo- 
la  place  of  their  natural  exit  from  the  cianio-ipinal  cavity. 

144.  DiOetentriewsof  a  portion  of  the  spinal  cord  from  theccrvical 
«iUi  the  Toota  of  the  nerves,  slightly  enlarged.  In  a,  the  nnterior 
>f  the  ■pectnten  ii  ihown  ;  the  anterior  nerve-root  of  its  right  side 
rided  ;  in  B,  a  view  of  the  right  side  is  given  ;  in  c,  the  upper  surface 
;  in  n,  the  nervs-roots  and  ganglion  are  shown  from  helow.  i .  The 
median  fissure  ;  2,  powterior  median  fissuro  ;  3,  anterior  lateral  de- 
over  which  the  anterior  nerve-roots  are  seen  to  spnad  ;  4,  posterior 
yoore,  into  which  the  posterior  roota  are  seen  to  sink  ;  5,  anterior 
■Jug  the  ganglion ;  5',  in  a,  the  anterior  root  divided  ;  6,  the  posterior 
a  flbrca  of  which  peaa  into  the  ganglion  6' ;  7,  the  unitsd  or  compound 
',  the  posterior  primary  bmnch,  seen  in  a  and  i>  to  be  derived  in 

1  the  anterior  and  in  part  from  the  posterior  root  (Allen  Thomson). 
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size  nt  these  parts  of  the  spinal  cord  is  increase  in  the  quaotitf 
of  grey  matter ;  for  there  seems  reason  to  believe  that  the  whit« 
or  fibrous  part  of  the  cord  becomes  gradually  and  progressively 
larger  from  below  upwards,  doubtless  from  the  addition  of  a 
certain  number  of  upward  passii^  fibres  from  each  pair  of  nerves. 

From  careful  egtimates  of  the  nnmber  of  nerre-flbres  in  a  transreree  sec- 
tion of  the  card  Ura'arda  its  upper  end,  and  the  number  entering  it  bf  tbo 
anterior  and  posterior  roots  of  each  pair  of  nerres,  it  hsa  been  shown  tb*l 
in  tbe  human  spinal  cord  not  more  than  i  of  the  total  number  of  aerre-fibrei 
entering  the  cord  through  all  the  spinal  uerres  are  contained  in  a  tmu-  | 
verse  section  near  i(«  upper  end.  It  ia  obviooa,  therefore,  that  at  leaM  1  flf 
tbe  nerve'GbrcB  entering  it  must  terminate  in  the  cord  itself. 

It  may  be  added,  however,  that  there  is  no  sufficient  evidence  for  tbe  np- 
position  that  an  uninterrupted  continuity  of  nerve-flbrea  is  essential  lo  (b« 

Fig-  a4S* 


condnction  of  imprcssione  on  tbe  ep  oal  nerves  to  and  from  the  bnun  ^ 
impTCBsionti  ma;  be  as  well  transm  ttcd  throDgb  the  i 


3  be  alluded  to,  make   t  probal  h 


e  grejBi 


•  Fig,  145.  Section  of  grey  inatUr  of  anterior  comn  <rf'  calTa  spinilM''' 
»/,  nerve-SbrcB  of  white  matter  in  transverse  section,  showing  aiiiMjlii'' 
in  centre  of  each  ;  a  r,  anterior  roots  of  spinal  nerve  passing  oat  tlvMP 
white  matter;  gc,  large  stellate  nerve-cella  with  nuclei;  they  an  ac*^ 
bedded  in  neuroglia  (Schofield). 
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the  channel  Uirough  which  sensor;  impressiona  are  main);  coDTeyed  to  the 

Orey  Hatter  of  Spinal  Cord. — The  grey  matter  of  the  cord 
oonaiata  essentially  of  an  eitrcmely  delicate  network  of  the  primi- 
tire  fibrilUe  of  aiia-cyliDdere  (Geriach'a  Nerve-Network)  imbedded 


*■««  meshes  of  an  equally  delicate  connective-tissue  (neuroglia), 

*"ich  in  gome  parts  is  chiefly  fibrillated,  iu  others  mainly  granular 

***  poitdjfonn.     It  contains  numbers  of  large  branched  nerve- 

'*'«  {fig.  245)  which  occur  chiefly  iu  the  three  following  groups. 

Qxnips  of  Nerre-oellfl  in  Grey  Hatter. — (a.)  In  the  at 


,  Fig.  1^.  Transverse  sectian  of  half  the  Rjiinal  cord  in  the  lumbar 
*8Wi«nt  (semi-diagrammatic).  I.  Anterior  luedian  fissura,  2,  Posterior 
*^'W  finare.  3.  Central  canal  lined  with  epithelium.  4.  Posterior 
^'*ili«.  J.  Anterior  cammisBure,  6.  Posterior  colnmn,  7.  Lateralcolumii, 
*■  -ialerior  oolnmo.  The  white  substance  is  traversed  by  radiating  trabecnlai 
''ifamater.  9.  Fasdcalus  of  posterior  nerve  root  entering  in  one  bundle. 
'11  Fiidciili  of  anterior  roots  entering  in  foiir  spreading  bundles  of  fibres, 
'  ll  the  cervix  coma,  decussating  fibres  from  the  nerve-roota  and  posterior 
""mMiiiii ;  e,  posterior  vesicular  colnnma  of  Lockhart  Clarke.  About  half 
^between  the  central  canal  and;  are  seen  the  group  of  nerve-cells  fomiiug 
'W  tiKtna  intermedio-Iateralia ;  e,  c,  fibres  of  anterior  roots  ;  ^,  fibres  of 
*UMii»  root*  which  dectuiate  in  anterior  commissure.    (Allen  Thomson  ) 
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terior  comu.  Into  many  of  these  cells  the  fibres  of  the  anterior 
motor  nerve-roots  can  be  distinctly  traced.  There  can  be  little 
doubt  that  these  cells  are  motor  in  function. 

(6.)  Tractus  intermedio-lateralis  (Lockhart  Clarke).  A  group  of 
nerve-cells  midway  between  the  anterior  and  posterior  comua, 
near  the  external  surface  of  the  grey  matter.  It  is  especially 
developed  in  the  dorsal  and  also  in  the  upper  cervical  region. 

(c.)  Posterior  vesicular  columns  of  Lockhart  Clarke  and  StiUing. 
These  arc  found  in  the  posterior  comua  of  grey  matter  towards 
the  inner  surface,  extending  from  the  cervical  enlargement  to  the 
lower  end  of  the  cord  (fig.  246,  c). 

(d,)  Smaller  cells  are  scattered  throughout  the  grey  matter, 
but  are  found  chiefly  at  the  tip  (caput  comu)  of  the  posterior 
comuy  in  a  finely  granular  basis,  and  among  the  posterior  root 
fibres  (substantia  gelatinosa  cinerea  of  Rolando). 

The  nerve-cells  are  connected  by  their  processes  immediately 
with  the  axis-cylinders  of  the  fibres  of  the  anterior  or  motor  nerve- 
roots  :  whereas  the  nerve-cells  of  the  posterior  roots  are  connecte3- 
with  nerve-fibres,  not  directly,  but  only  through  the  intermedia'^ 
tion  of  Gerlach's  nerve-network,  in  which  their  branching  process^^ 
lose  themselves. 

Nerves  of  the  Spinal  Cord. — ^The  spinal  nerves  consist  o^ 
thirty-one  pairs,  issuing  from  the  sides  of  the  whole  length  of  ^^ 
cord,  their  number  corresponding  with  the  intervertebral  foramina 
through  which  they  pass.     Each  nerve  arises  by  two  roota,*^ 
anterior  and  posterior,  the  latter  being  the  larger.     The  root« 
emerge  through  separate  apertures  of  the  sheath  of  diua  mat^ 
surrounding  the  cord ;  and  directly  after  their  emergence,  vher^ 
the  roots  lie  in  the  invertebral  foramen,  a  ganglion  is  found  0^ 
the  posterior  root.     The  anterior  root  lies  in  contact  with  tb* 
anterior  surface  of  the  ganglion,  but  none  of  its  fibres  intemW* 
with  those  in  the  ganglion  (5,  fig.  244).     But  immediately  hep^ 
the  ganglion  the  two  roots  coalesce,  and  by  the  minghng  of  d^ 
fibres  form  a  compound  or  mixed  spinal  nerve,  which,  after  iasui^? 
from  the  intcr\'crtebral  canal,  divides  into  an  anterior  and  posterior 
branch,  each  containing  fibres  from  both  the  roots  (fig.  244). 

The  anterior  root  of  each  spinal  nerve  arises  by  numero'^ 
separate  and  converging  bundles  fi-om  the  anterior  column  of  ^ 
cord  ;  the  posterior  root  by  more  niunerous  parallel  bundles,  ft^ 
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the  poeterioT  column,  or,  rattier,  from  the  posterior  part  of  the 
lateral  column  (fig,  344),  for  if  a  fisaure  be  directed  inwards 
irom  the  groove  between  the  middle  and  posterior  coltimnB,  the 
posterior  roots  will  remain  attached  to  the  former.     The  anterior 

Fig.  247-' 


roots  of  each  spinal  nerve  consist  of  centrifugal  fibres ;  the  poa- 
terior  as  exclusively  of  centripetal  fibres. 

Origin  of  the  Spinal  ITerres. 

(a)  Anterior  rooU,  pass  into  the  anterior  comun,  and  ore  there 
distributed  priucipollj  thus : — (i)  Some  fibres  pass  backwards,  and 
form  connections  with  fibres  &om  elsewhere ;  (3)  Some  spread 
obliquely  upwards  and  downwards  ;  (3)  Some  pass  externally  to 
the  lateral  columns ;  and  {4)  Others  pass  inwards  and  cross  in  the 
anterior  white  commissure  to  the  opposite  side. 

(6)  Pottmor  rooU,  enter  the  posterior  comua,  either  at  the  tip, 


*  Fi|;.  247.     Omglian-cells  front  spinal  ganglim  of  rabbit;  ; 

fibrM  of  poaterioT  root  cut  longitudiuallj ;  n,  i,  nene-GbrtM  cDt  ti 
g,  e,  iRTge  gaugliou-cells  ahowing  grantJar  protoplasm  with  luge  oncleuB  anil 
nucleoli  ;  n,  c,  nucleated  sheath  siuroandiiig  cclli.  x  zjo.  (Schofield.) 
Iha  figure  should  be  Iidd  about  2 — 3  fe«t  froin  the  eye. 
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through  the  substantia  gclatinosa,  or  by  the  inner  side.  Those 
which  enter  at  the  tip,  as  a  rule,  turn  upwards  or  downwards, 
some  reaching  the  anterior  comua ;  and  the  others,  the  opposite 
side,  through  the  posterior  grey  commissure.  Of  those  which  enter 
by  the  inner  side  of  the  comua — (i)  Some  pass  at  once  into  the 
grey  matter ;  (2)  Others  through  the  posterior  vesicular  columns ; 

(3)  The  majority  pass  up  (or  down)  in  the  white  substance  of  the 
posterior  cohimns,  and  enter  the  grey  matter  at  various  heights ; 

(4)  Not  a  few  are  lost  in  the  posterior  white  columns. 
Functions  of  the  Anterior  and  Posterior  Boots  of  Spinal 

Nerves. — The  anterior  spinal  nerve-roots  are  efferent  or  motor; 
the  posterior  are  afferent  or  sensory  (Sir  C.  Bell).     The  fact  is 
proved  in  various  ways.     Division  of  the  anterior  roots  of  one  or 
more  nerves  is  followed  by  complete  loss  of  motion  in  the  part*- 
supplied  by  the  fibres  of  such  roots ;  but  the  sensation  of  thi 
same  parts    remains  perfect.      Division   of  the   posterior  root 
destroys  the  sensibility  of  the  parts  supplied  by  their  fibres,  whil< 
the  power  of  motion  continues  unimpaired.     Moreover,  irritatioi 
of  the  ends  of  the  distal  portions  of  the  divided  anterior  roots 
a  nerve  excites  muscular  movements ;  irritation  of  the  ends  of  A' 
proximal  portions,  which  are  still  in  connection  with  the  cord,  i 
followed  by  no  appreciable  effect.     Irritation  of  the  distal  portl 
of  the  divided  posterior  roots,  on  the  other  hand,  produces  * 
muscular  movements  and  no   manifestations  of  pain;    for, 


already  stated,  sensory  nerves  convey  impressions  only  tovan^^ 
the  nervous  centres :  but  irritation  of  the  proximal  portions  <^' 
these  roots  elicit  signs  of  intense  suffering.  Occasionally,  und< 
this  last  irritation,  muscular  movements  also  ensue  ;  but  thcBB 
either  voluntary,  or  the  result  of  the  irritation  being  reflect^ 
from  the  sensory  to  the  motor  fibres.  Occasionally,  too,  irritatioi* 
of  the  distal  ends  of  divided  anterior  roots  elicits  signs  of  pain,  *^ 
well  as  producing  muscular  movements  :  the  pain  thus  excited  ^ 
probably  the  result  of  cramp  (Brown-Sequard). 

As  an  example  of  the  experiments  of  which  the  preceW 
paragraph  gives  a  summary  account,  this  may  l>e  mentioned :  ^ 
in  a  frog,  the  three  posterior  roots  of  the  nerves  going  to  tb« 
hinder  extremity  be  divided  on  the  left  side,  and  the  ^ 
anterior  roots  of  the  corresponding  nerves  on  the  right  side,  ^ 
left  extremity  will  be  deprived  of  sensation,  the  right  of  motioO' 
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f  the  foot  of  the  right  leg,  which  is  still  endowed  with  sensation 
mt  not  with  the  power  of  motion,  be  cut  off,  the  frog  will  give 
evidence  of  feeling  pain  by  movements  of  all  parts  of  the  body 
txcept  the  right  leg  itself,  in  which  he  feels  the  pain.  I^  on  the 
contrary,  the  foot  of  the  left  leg,  which  has  the  power  of  motion, 
)ut  is  deprived  of  sensation,  is  cut  ofl^  the  frog  docs  not  feel  it, 
ind  no  movement  follows,  except  the  twitching  of  the  muscles 
nitated  by  cutting  them  or  their  teudons. 

Functions  of  the  Gkmglia  of  Posterior  Boots. — There  are 
ao  reasons  for  supposing  that  these  ganglia  possess  the  functions 
of  true  ganglia.  It  is,  indeed,  supposed  that  they  act  rather  as 
centres  for  the  nutrition  of  the  nerves,  since  when  the  nerves  are 
severed  frx)m  connection  with  the  ganglia,  the  parts  of  the  nerves 
H>  severed  degenerate,  whilst  the  parts  which  remain  in  connection 
^ith  them  do  not. 

Aeourrent  Sensibility. -^If  in  a  cat  or  dog  the  anterior  root 

^  a  spinal  nerve  be  divided  and  the  peripheral  end  be  irritated, 

«t   only  movements  of  the  muscles  supplied  by  the  nerve  take 

^)e,  but  also  of  other  muscles,  indicative  of  pain.     If  the  main 

^nk  of  the  nerve  (after  the  coalescence  of  the  roots)  be  divided, 

I  the  anterior  root  be  irritated  as  before,  the  general  signs  of 

ci  still  remain,  although  the  contraction  of  the  muscles  does  not 

^*     The  signs  of  pain  disappear  when  the  posterior  root  is 

ded.     From  these  experiments  it  is  believed  that  the  stimulus 

es  down  the  anterior  root  to  the  mixed  nerve  and  returns 

e  central  nervous  system  through  the  posterior  root  by  means 

tain  sensory  fibres  frx)m  the  posterior  root,  which  loop  back 

he  anterior  root,  before  continuing  their  course   into  the 

nerve-trunk. 

mMsctUcur  sense  {Le.  the  power  of  perceiving  the  condition  of 

sdes)  with  r^;ard  to  degree  of  contraction,  depends,  appa- 

•m  the  integrity  of  the  posterior  roots  of  the  spinal  nerves. 

actor  ataxy,  a  disease  in  which  inco-ordination  of  muscles 

ced  symptom,  although  common  sensibility  is  no  doubt 

t  impaired,  the  chief  cause  of  the  inco-ordination  is  due 

I  muscular  sense,  and  the  lesion  is  found  to  lie  in  the 

x>lumns  of  the  spinal  cord  and  the  posterior  roots  of  the 

re& 

ms  of  the  Spinal  Cord. — The  power  of  the  spinal 
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cord,  as  a  uerve-centre,  may  be  arnuiged  under  the  heads  of 
(i)  Conduction ;  (2)  Transference ;  (3)  Keflex  action. 

(i)  Conduction.    The  functions  of  the  spinal  cord  in  relation 
to    condn<:tion,  may    be    best    remembered    by  considering   its 
anatomical    connections  with    other    parts    of   the    body    (see 
fig.  243).      From  these  it  is  evident  that,  with  the  exception 
of  some  few  filaments  of  the  sympathetic,  there  is  no  way  by 
which  nerve-impulses    can  be  conveyed    from  the    trunk   and 
extremities  to  the  brain  or  vice  versd,  other  than  that  formed 
by  the  spinal  cord.    Through  it,  the  impressions  made  upon  the 
peripheral  extremities  or  other  parts  of  the  spinal  sensory  nerves 
are  conducted  to  the  brain,  where  alone  they  can  be  perceived. 
Through  it,  also,  the  stimulus  of  the  will,  conducted  from  the 
brain,  is  capable  of  exciting  the  action  of  the  muscles  supplied 
from  it  with  motor  nerves.      And  for  all  these  conductions  of 
impressions  to  and  fro  between  the  brain  and  the  spinal  nenres, 
the  perfect  state  of  the  cord  is  necessary  ;  for  when  any  part  of 
it  is  destroyed,  and  its  communication  with  the  brain  is  inter- 
mpted,  impressions    on  the  sensory  nerves  given  off  from  it. 
below  the  seat  of  injury,  cease  to  be  propagated  to  the  brain,  an^ 
the  brain  loses  the  power  of  voluntarily  exciting  the  motor  nervi 
proceeding  from  the  portion  of  cord  isolated  from  it. 

Conduotion  in  the  Spinal  Cord. — Illustrations  of  this 
furnished  by  various  examples  of  paralysis,  but  by  none  better  th 
by  the  common  paraplegia,  or  loss  of  sensation  and  voluntar"^^" 
motion  in  the  lower  part  of  the  body,  in  consequence  of  destru^^^' 
tive  disease  or  injury  of  a  portion,  including  the  whole  thickn^a*^^ 
of  the   spinal  cord.      Such  lesions  destroy  the  communicatic^*-^ 
between  the  brain  and  all  parts  of  the  spinal  cord  belov  tb»^ 
seat  of  injury,  and  consequently  cut  off  from  their  oonnectio** 
with  the  brain  the  various  organs  supplied  with  nerves  issnic*^ 
from  those  parts  of  the  cord. 

From  what  has  been  already  said,  it  will  appear  probable  tb^ 
the  conduction  of  impressions  along  the  cord  is  effected  (at  \e^^ 
for  the  most  part)  through  the  grey  substance,  ».«.,  through  ^ 
nerve-corpuscles  and  filaments  connecting  them.  But  there  ^ 
reason  to  believe  that  all  parts  of  the  cord  are  not  alike  ablo  ^ 
conduct  all  impressions ;  and  that,  rather,  as  there  are  sepai*^ 
nerve-fibres  for  motor  and  for  sensozy  impressions^  so  in  the  oof^ 
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separate  and  determinate  parta  serve  to  conduct  alwajB  tlie  eame 
kind  of  impression. 

Experiments  (chiefly  by  Brown-S^uard),  point  to  the  following 
conclusions  regarding  the  condaction  of  sensory  and  motor  impret- 
sions  through  the  spinal  cord. 


It  is  important  to  bear  in  mind  that  tbe  grey  matter  of  the 
cord,  though  it  conducts  impressions  giving  rise  to  sensation, 
appears  not  to  be  sensitive  when  it  is  directly  stimulated.     The 

*  Fig.  24S.  The  alwva  diograiu  (after  BrowD-S^uud)  Tepi«ieDti  the  do- 
cu9«t>tion  of  the  conductors  for  volnnbuy  movemsnts,  and  thoM  for  eensatioD : 
a,  r,  anterior  roots  and  their  continuatioDa  in  the  spinal  cord,  and  decuaaation 
at  the  lover  part  of  the  medulla  obloDgata,  mo;  pr,  the  posterior  roota  and 
theii  continuation  and  decnsaation  in  the  spinal  cord  ;  g  g,  the  gangliona  of 
the  roota.  The  arrows  inilicato  tbe  direction  of  the  uerrona  action ;  r,  the 
right  side ;  I,  the  left  side,  i,  3,  3,  indicate  places  of  altentioa  in  •  lateral 
half  of  the  apino-cerebral  aiis,  to  shoir  t^e  influence  on  the  two  kinda  of  con- 
docton,  resulting  from  section  of  the  aai  at  any  one  of  thcM  thiMpUcM. 
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explanation  probably  is,  that  it  possesses  no  apparatus  such  as 
exists  at  the  peripheral  terminations  of  sensory  nerves,  for  the 
reception  of  sensory  impressions.  According  to  Schiff,  however, 
the  grey  matter  conducts  in  all  directions  only  general  sensory 
impulses  and  motor  impulses  which  are  parts  of  reflex  actions,  but 
not  tactile  sensations  or  voluntary  motor  impidses. 

a.  Sensory  impressions,  conveyed  to  the  spinal  cord  by  root- 
fibres  of  the  posterior  nerves  are  not  conducted  to  the  brain  only 
by  the  posterior  columns  of  the  cord,  but  pass  through  them  in 
great  part  into  the  central  grey  substance,  by  which  they  are 
transmitted  to  the  brain  {p  r,  fig.  248). 

6.  The  impressions  thus  conveyed  to  the  grey  substance  do  not 
pass  up  to  the  brain  to  more  than  a  slight  degree,  along  that 
half  of  the  cord  corresponding  to  the  side  firom  which  they  have 
been  received,  but  cross  over  to  the  other  side  almost  immediately 
after  entering  the  cord,  and  along  it  are  transmitted  to  the  brain. 
There  is  thus,  in  the  cord  itself,  an  almost  complete  decussation  of 
sensory  impressions  brought  to  it ;  so  that  division  or  disease  of 
one  posterior  half  of  the  cord  (3,  fig.  248)  is  followed  by  loss  ot 
sensation,  not  in  parts  on  the  corresponding,  but  in  those  of  the 
opposite  side  of  the  body. 

From  the  same  fact  it  happens  that  a  longitudii^l  antero-po8- 
terior  section  of  the  cord,  along  its  whole  length  almost  completely 
abolishes  sensibility  on  both  sides  of  the  body. 

According  to  Vulpiaii,  the  pensory  impulses  do  not  decussate  suddenly^ 
their  entrance  into  the  cord  but  gradually,  so  that  section  laterally  throop 
half  the  cord  affects  the  sensation  both  on  the  same  side  as  the  lerion  ^ 
on  the  opposite  side,  but  most  on  the  opiK)site  side. 

c.  The  various  sensations  of  touch,  pain,  temperature,  W» 
muscular  contraction,  are  probably  conducted  along  separate  ^^^ 
distinct  sets  of  fibres.  All,  however,  with  the  exception  of  ^ 
last  named,  undergo  decussation  in  the  spinal  cord. 

(L  The  posterior  columns  of  the  cord  appear  to  have  a  ff^ 
share  in  reflex  movements. 

€.  Impulses  of  the  will,  leading  to  voluntary  contractionfl  ^ 
muscles,  appear  to  be  transmitted  principally  along  the  snUf^ 
lateral  colimms. 

/.  Decussation  of  motor  impulses  occurs,   not  in  the  spin^ 
cord,  as  is  the  case  with  sensitive  impressions,  but,  as  hitherto 
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[tied,  at  the  anterior  part  of  the  medulla  oblongata  (fig.  248). 
decussation,  however,  does  not  take  place,  as  generally  sup- 
1,  all  along  the  median  line,  at  the  base  of  the  encephalon, 
only  at  that  portion  of  the  anterior  pyramids  which  is 
nuous  with  the  lateral  columns  of  the  cord.  Hence,  the 
lates  of  the  will,  having  made  their  decussation,  first  enter 
cord  by  the  lateral  tracts  and  adjoining  grey  matter,  and 
pass  to  the  anterior  columns  and  to  the  grey  matter 
;iated  with  them.  Accordingly,  division  of  the  anterior 
mids,  at  the  point  of  decussation  (2,  fig.  248),  is  followed 
aralysis  of  motion  in  all  parts  below ;  while  division  of  the 
ly  bodies,  which  constitute  the  true  continuations  of  the 
rior  columns  of  the  cord,  appears  to  produce  very  little  para- 
Disease  or  division  of  any  part  of  the  cerebro-spinal  aiis 
!  the  seat  of  decussation  (i,  fig.  248)  is  followed,  as  weU- 
m,  by  impaired  or  lost  power  of  motion  on  the  opposite  side  of 
•ody ;  while  a  like  injury  inflicted  beloto  this  part  (3,  fig.  248), 
368  similar  paralysis  on  the  corresponding  side. 
^percesthesia,  or  exalted  sensibility,  is  the  constant  result  of 
ies  to  the  posterior  columns  (Brown-S4quard).  When  one  half  of 
pinal  cord  is  cut  through,  complete  ansesthesia  of  the  other  side 
16  body  below  the  point  of  section  results,  but  there  is  often 
:ly  increased  sensibility  on  the  same  side ;  so  much  so  that  the 
touch  appears  to  be  agonising.  This  condition  may  persist  for 
Bal  days.  Similar  efifects  may,  in  man,  be  the  result  of  injury. 
i^  in  a  patient  who  had  sustained  a  severe  lesion  of  the  spinal 
in  the  cervical  region,  causing  extensive  paralysis  and  loss  of 
ation  in  the  lower  half  of  the  body,  there  were  two  circum- 
>ed  areas,  one  on  each  arm,  symmetrically  placed,  in  which 
^tlest  touch  caused  extreme  pain. 

I  addition  to  the  transmission  of  ordinary  sensory  and  motor 
ihes,  the  spinal  cord  is  the  medium  of  conduction  also  of  im- 
38  to  and  firom  the  vasa-motor  centre  in  the  medulla  oblongata, 
probably  ako  contains  special  vaso-motor  centres. 

sofding  to  the  observations  of  Mieschcr  and  Woroschiloff  on  rabbits,  it 
n  that  in  the  dorsal  region  of  the  cord,  in  those  animals  at  any  rate, 
tetioii  of  impulses,  both  sensory  and  motor,  takes  place  principally  in 
teal  colomns. 

Vransfbrence* — Examples  of  the  transference  of  impressions 
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in  the  cord  have  been  given  (p.  486) ;  and  that  the  transferenoe 
takes  place  in  the  cord,  and  not  in  the  brain,  is  nearly  proTed  by 
the  frequent  cases  of  pain  felt  in  the  knee  and  not  in  the  hip»  in 
diseases  of  the  hip ;  of  |)ain  felt  in  the  urethra  or  glaus  penifly  and  not 
in  the  bladder,  in  calculus ;  for,  if  both  the  primaiy  and  the  seoondazy 
or  transferred  impression  were  in  the  brain^  both  should  be  felt. 

8.  Befiex  Action  of  Spinal  Cord. — In  man  the  spinal  cord 
is  so  much  under  the  control  of  the  higher  nerve-centres,  that  its 
own  individual  functions  in  relation  to  reflex  action  are  apt  to  be 
overlooked  ;  and  the  result  of  injury,  by  which  the  cord  is  cut  off 
completely  from  the  influence  of  the  encephalon,  is  apt  to  lessen 
rather  than  increase  our  notions  of  its  importance  and  individual 
endowments.     Thus,  when  the  human  spinal  cord  is  divided,  the 
lower  extremities  fall  into  any  position  that  their  weight  and 
the  resistance  of  surrounding  objects  combine  to  ^ve  them ;  if 
the  body  is  in-itated,  they  do  not  move  towards  the  irritation; 
and  if  they  arc  touched,  the  consequent  reflex  movements  are 
disorderly  and  purposeless  ;  all  power  of  voluntary  movement  is 
absolutely  abolished.     In  other  mammals,  e.g.,  rabbit  or  dog,  after 
recovery  from  the  shock  of  the  ojxiratiou,  which  takes  some  time, 
reflex  tictions  in  the  i>art8  below  will  occur  after  the  spinal  con* 
has  been  divided,  a  very  feeble  irritation  being  followed  by  exten- 
sive and  co-ordinate  movements.   In  the  case  of  the  frog,  howeTer* 
and  many  other  cold-blooded  animals,  in  which  experimental  an<i- 
other  injuries  of  the  nerve-tissues  are  better  borne,  and  in  whic*^ 
the  lower  nerve-centres  are  less  subordinate  in  their  action  to  tl> 
higher,  the  reflex  functions  of  the  cord  are  still  more  clearly  sbovr^^' 
When,  for  example,  a  frog's  head  is  cut  off*,  the  limbs  remain  i^^^ 
or  assume  a  natural  position;  they  resiune  it  when  disturfjei^ J 
and  when  the  abdomen  or  back  is  irritated,  the  feet  are  mov^^ 
with  the  manifest  purpose  of  pushing  away  the  irritation.    Tfc* 
main  difference  in  the  cold-blooded  animals  being  that  the  '*^^- 
movements  are  more  definite,  complicated,  and  effective,  althon^ 
less  energetic  than  in  the  case  of  mammals.     It  is  as  if  the  mind^ 
the  animal  were  still  engaged  in  the  acts ;  and  yet  all  anftlo?^/ 
would  lead  us  to  the  belief  that  the  spinal  cord  of  the  frog  has  tt^ 
diffierent  endowment,  in  kind,  from  those  which  belong  to  the  corfo* 
the  higher  vertebrata :  the  difference  is  only  in  degree.  And  if  tw* 
be  granted,   it  may   be  assumed  that,  in  man  and  the  higbef 
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animals,  many  actions  are  performed  as  reflex  movements  occtirring 
through  and  by  means  of  the  spinal  cord,  although  the  latter 
cannot  by  itself  initiate  or  even  direct  them  independently. 

Co-ordinate  MoTements  not  a  proof  of  Consoiousxiess.— 

Th^  evident  adaptation  and  purpose  in  the  moyements  of  the  cold-blooded 
animals,  have  led  some  to  think  that  they  must  be  conscious  and  capable  of 
will  without  their  brains.  But  purposive  movements  are  no  proof  of  con- 
Bcioosness  or  will  in  the  creature  manifesting  them.  The  movements  of  the 
limbs  of  headless  frogs  are  not  more  purposive  than  the  movements  of  our 
own  respiratory  muscles  are  ;  in  which  we  know  that  neither  will  nor  con- 
sciousness is  at  all  times  concerned.  It  may  not,  indeed,  be  assumed  that  the 
acts  of  standing,  leaping,  and  other  movements,  which  decapitated  cold- 
blooded animals  can  perform,  are  also  always,  in  the  entire  and  healthy  state, 
performed  involuntarily,  and  under  the  sole  influence  of  the  cord  ;  but  it  is 
probable  that  such  acts  may  be,  and  commonly  are,  so  ])erformed,  the  higher 
nerve-centres  of  the  animal  having  only  the  same  kind  of  influence  in  modi- 
fying and  directing  them,  that  those  of  man  have  in  modifying  and  directing 
the  movements  of  the  respiratory  muscles. 

Inliibition  of  Befiex  Actions. — The  fact  that  such  move- 
ments as  are  produced  by  irritating  the  skin  of  the  lower  ex- 
tremities in  the  human  subject,  after  division  or  disorganisation 
of  a  part  of  the  spinal  cord,  do  not  follow  the  same  irritation  when 
the  mind  is  active  and  connected  with  the  cord  through  the  brain, 
18,  probably,  due  to  the  mind  ordinarily  perceiving  the  irritation 
and  instantly  controlling  the  muscles  of  the  irritated  and  other 
parts ;  for,  even  when  the  cord  is  perfect,  such  involimtary  move- 
ments will  often  follow  irritation,  if  it  be  applied  when  the  mind 
Is  wholly  occupied.     When,  for  example,  one  is  anxiously  thinkingi 
«ven  slight  stimuli  will  produce  involuntary  and  reflex  movements. 
So,  also,  during  sleep,  such  reflex  movements  may  be  observed 
"When  the  skin  is  touched  or  tickled ;   for  example,  when  one 
^^4mcheB  with  the  finger  the  palm  of  the  hand  of  a  sleeping  child, 
"tilie  finger  is  grasped — the  impression  on  the  skin  of  the  palm 
I>Toducing  a  reflex  movement  of  the  muscles  which  close  the  baud. 
Sut  when  the  child  is  awake,  no  such  eflect  is  produced  by  a 
tttxnilar  touch. 

Further,  many  reflex  actions  are  capable  of  being  more  or  less 
Controlled  or  even  altogether  prevented  by  the   will :   thus  an 
^Untofy  action  may  be  exercised  by  the  brain  over  reflex  func- 
tions of  the  cord  and  the  other  nerve  centres. 

The  following  may  be  quoted  as  familiar  examples  of  this  inhibitory 
action: — 
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To  prevent  the  reflex  action  of  crying  out  when  in  paiu,  it  is  often  suffi- 
cient firmly  to  clench  the  teeth  or  to  grasp  some  object  and  hold  it  tight. 
A\Tien  the  feet  are  tickled  we  can,  by  an  effort  of  will,  prevent  the  reflex 
action  of  jerking  them  up.  So,  too,  the  involuntary  closing  of  the  eyes  and 
starting,  when  a  blow  is  aimed  at  the  head,  can  be  similarly  restrained. 

Mr.  Dan^'in  has  mentioned  an  interesting  example  of  the  way  in  which, 
ou  the  other  hand,  such  an  instinctive  reflex  act  may  override  the  strongest 
effort  of  the  will.  He  placed  his  face  close  against  the  glass  of  the  cobra's 
cage  in  the  Reptile  House  at  the  Zoological  Gardens,  and  thQogh,  of  coozse, 
thoroughly  convinced  of  his  perfect  security,  could  not  by  any  effort  of  the 
will  prevent  himself  fi'om  starting  back  when  the  snake  struck  with  foiy  at 
the  glass. 

It  has  been  found  by  experiment  that  in  a  frog  the  optic  lobes 
and  optic  thalami  have  a  distinct  action  in  inhibiting  or  delaying 
reflex  action,  and  also  that  more  generally  any  afferent  stimuIuB^ 
if  sufficiently  strong,  will  inhibit  or  modify  any  reflex  action  eren 
in  the  absence  of  these  centres. 

On  the  whole,  therefore,  it  may,  from  these  and  like  fieicts,  be 
concluded  that  reflex  acts,  performed  under  the  influence  of  the 
reflecting  power  of  the  spinal  cord,  are  essentially  independent  of 
the  brain,  and  may  be  performed  perfectly  when  the  brain  is 
separated  from   the  cord :   that    these   include    a   mucb  lai^ger 
nimiber  of  the  natural  and  purposive  movements  of  the  lover 
animals  than  of  the  warm-blooded  animals  and  man :  and  tha.* 
over  nearly  all  of  them  the  mind  may  exercise,  tlu*ough  the  high^^ 
nerve  centres,  some  control ;  determining,  directing,  hindering)  ^"^ 
modifying  them,  either  by  direct  action,  or  by  its  power  ov^^ 
associated  muscles. 

Compound  Beflex  Acts.— To  these  instances  of  spinal  reflex  acBO«»# 
some  add  yet  many  more,  including  nearly  all  the  acts  which  seem  to  be  pe^ 
formed  unconsciously,  such  as  those  of  walking,  nimiing,  writing,  and  t» 
like  :  for  these  arc  really  involuntary  acts.    It  is  true  that  at  their  first  p^ 
formances  they  are  voluntary,  that  they  require  education  for  their  perfectM^ 
and  are  at  all  times  so  constantly  performed  in  obedience  to  a  mandate  o* 
the  wiU,  that  it  is  difficult  to  believe  in  their  essentially  involuntaiy  n»ttJi«^ 
But  the  will  really  has  only  a  conirolUng  power  over  their  performance  I  * 
can  hasten  or  stay  them,  but  it  has  little  or  nothing  to  do  with  the  ac*f** 
carrying  out  of  the  effect.    And  this  is  proved  by  the  circumstance  t^ 
these  acts  can  be  performed  with  complete  mental  abstraction  :  and,  iDfl*J 
than  this,  that  the  endeavour  to  carry  them  out  entirely  by  the  exerci^ 
the  vein  is  not  only  not  beneficial,  but  positively  interferes  with  tb«|* 
harmonious  and  perfect  performance.    Anyone  may  convince  hittiself  of  ^ 
fact  by  tryuig  to  take  each  step  as  a  voluntary  act  in  walking  down  s^ 
or  to  form  each  letter  or  word  in  writing  by  a  distinct  exercise  of  the  wifl*^ 

These  actions,  however,  will  be  again  referred  to,  when  treating  of  «»** 
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possible  connection  with  the  functions  of  the  so-called  semory  ganglia, 
p.  520. 

Morbid  Beflex  Aotions. — The  phenomena  of  spinal  reflex 
actions  in  man  are  much  more  striking  and  unmixed  in  cases  of 
disease.  In  some  of  these^  the  effect  of  a  morbid  irritation,  or  a 
morbid  irritability  of  the  cord,  is  very  simple  ;  as  when  the  local 
irritation  of  sensory  fibres,  being  propagated  to  the  spinal  cord, 
excites  merely  local  spasms, — spasms,  namely,  of  those  muscles, 
the  motor  fibres  of  which  arise  from  the  same  part  of  the  spinal 
cord  as  the  sensory  fibres  that  are  irritated  Of  such  a  case  we 
have  instances  in  the  involuntary  spasmodic  contraction  of  muscles 
in  the  inmiediate  neighbourhood  of  inflamed  joints ;  and  nimierous 
other  examples  of  a  like  kind  might  be  quoted. 

In  other  instances,  in  which  we  must  assume  that  the  cord  is 
morbidly  more  irritable,  i.  e,,  apt  to  issue  more  nervous  force  than 
is  proportionate  to  the  stimulus  applied  to  it,  a  slight  impres- 
sion on  a  sensory  nerve  produces  extensive  reflex  movements. 
This  appears  to  be  the  condition  in  tetanus,  in  which  a  slight 
touch  on  the  skin  may  throw  the  whole  body  into  convulsion. 
A  similar  state  is  induced  by  the  introduction  of  strychnia,  and, 
in  frogs,  of  opium,  into  the  blood  ;  and  numerous  experiments 
on  frogs  thus  made  tetanic,  have  shown  that  the  tetanus  is  wholly 
unconnected  with  the  brain,  and  depends  on  the  state  induced  in 
the  spinal  cord. 

Special  Centres  in  Spinal  Card. — It  may  seem  to  have 
been  implied  that  the  spinal  cord,  as  a  single  nerve-centre,  reflects 
alike  from  all  parts  all  the  impressions  conducted  to  it.  But  it  is 
more  probable  that  it  should  be  regarded  as  a  collection  of  nervous 
centres  united  in  a  continuous  column.  This  is  made  probable  by 
the  fact  that  segments  of  the  cord  may  act  as  distinct  nerve- 
centres,  and  excite  motions  in  the  parts  supplied  with  nerves  given 
off  from  them ;  as  w^ell  as  by  the  analogy  of  certain  cases  in  which 
the  muscular  movements  of  single  organs  are  under  the  control  of 
certain  circumscribed  portions  of  the  cord  Thus, — for  the  go- 
vernance of  the  sphincter-muscles  concerned  in  guarding  the 
orifices  respectively  of  the  rectum  and  urinary  bladder,  there  are 
special  nerve-centres  in  the  lower  part  of  the  spinal  cord  (ano- 
spinal  and  venco-spinal  centres) ;  while  the  actions  of  these  are 
temporarily  inhibited  by  stimuli  which  lead  to  defseoation  and 
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micturition.  So  also,  there  are  centres  directly  concerned  ii 
erection  of  the  penis  and  in  the  emission  of  semen  (genito-urinaiy). 
The  emisdan  of  semen  is  a  reflex  act :  the  irritation  of  the  glam 
penis  conducted  to  the  spinal  cord,  and  thence  reflected,  excitef 
the  successive  and  co-ordinate  contractions  of  the  muscular  fifarei 
of  the  vasa  deferentia  and  vesiculee  seminales,  and  of  tlu 
accelerator  urinco  and  other  muscles  of  the  urethra;  and  f 
forcible  expulsion  of  semen  takes  place,  over  which  the  muk 
has  little  or  no  control,  and  which,  in  cases  of  parapl^gia,^maj 
be  unfelt  Tlie  erection  of  tlie  penis^  also,  as  already  explained 
(p.  208),  appears  to  be  in  part  the  result  of  a  reflex  contracti<n] 
of  the  muscles  by  which  the  veins  returning  the  blood  from  the 
penis  are  compressed.  The  involuntary  action  of  the  nterui  m 
expelling  its  contents  during  parturition^  is  also  of  a  purely  reflex 
kind,  dependent  in  part  upon  the  spinal  cord,  though  in  part  also 
upon  the  sympathetic  system  :  its  independence  of  the  brain  being 
proved  by  cases  of  delivery  in  paraplegic  women,  and  also  by  the 
fact  that  delivery  can  take  place  whilst  the  patient  is  under  the 
influeucc  of  chloroform.  But  all  these  spinal  nerve-centres  are 
intimately  connected,  both  structurally  and  physiologically,  one 
with  another,  as  well  as  with  those  higher  encephalic  centre^W 
without  whose  guiding  influence  their  actions  may  become  dis— 
orderly  and  purposeless,  or  altogether  abrogated. 

Centre  for  Movements  of  Lymphatic  Hearts  of  "Ftogr^ 

Volkmann  has  8ho\vn  that  the  rhythmical  movements  of  the  anterior  I**' 
of  lymphatic  hearts  in  the  frog  depend  iii)on  nervous  influence  derived  from 
the  portion  of  spinal  cord  corresponding  to  the  third  vertebra,  and  tho«  <» 
the  i)08terior  pair  on  influence  supplied  by  the  portion  of  cord  opposite  the 
eighth  vertebra.    The  movements  of  the  heart  continue,  though  the  whote 
of  the  cord,  except  the  above  portions,  be  destroyed ;  but  on  the  instant  w 
destroying  either  of  these  portions,  though  all  the  rest  of  the  cord  be  o^' 
touched,  the  movements  of  the  corresponding  hearts  cease.    What  app*'* 
to  be  thus  proved  in  regard  to  two  portions  of  the  cord,  may  be  infened  to 
l^rcvail  in  other  portions  also  ;  and  the  inference  is  reconcilable  with  m^ 
of  the  facts  known  concerning  the  physiology  and  comparative  anatoioT  ^ 
the  cord. 

Tone  of  Muscles. — The  influence  of  the  spinal  cord  on  ^ 
sphincter  ani  (centre  for  defEocation)  has  been  already  mentioned  (8^ 
above).  It  maintains  this  muscle  in  permanent  contraction,  so  tbrt 
except  in  the  act  of  defsecation,  the  orifice  of  the  anus  is  alwaj^ 
closed.  This  influence  of  the  cord  resembles  its  common  reflex  action 
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ivL  Yyeing  inyolimtaiy,  although  the  will  can  act  on  the  muscle  to 

nia,ke  it  contract  more,  or  may  inhibit  the  action  of  the  ano-spinal 

ceixtre  so  as  to  permit  its  dilatation.  The  condition  of  the  sphincter 

aniy  however,  is  not  altogether  exceptional     It  is  the  same  in 

^xidy  though  it  excecfds  in  degree  that  condition  of  muscles  which 

haa  been  called  tone,  or  passive  contraction  ;  a  state  in  which  they 

always  when  not  active  appear  to  be  during  health,  and  in  which, 

though  called    inactive,   they  are    in    slight    contraction,    and 

certainly  are  not  relaxed,  as  they  are  long  after  death,  or  when 

*"®   spinal  cord  is  destroyed.    This  tone  of  all  the  muscles  of 

the   trunk  and  limbs  de{)ends  on  the  spinal  cord,  as  the  con- 

^'^tion  of  the  sphincter  ani  does.     If  an  animal  be  killed  by 

"y^*7  or  removal  of  the  brain,  the  tone  of  the  muscles  may  be 

^^1^    and  the  limbs  feel  firm  as  during  sleep ;  but  if  the  spinal 

^'^''^  be  destroyed,  the  sphincter  ani  relaxes,  and  all  the  muscles 

*^*  loose,  and  flabby,  and  atonic,  and  remain  so  till  riffor  niortia 

^^^^Xjnences. 

3^^^  kind  of  tone  most  be  distinp^uishcd  from  that  mere  firmness  and 

"^on  which  it  is  customary  tx)  ascribe,  under  the  name  of  tone,  to  all 

that  feel  robust  and  not  flabby,  as  well  as  to  muscles.    The  tone 

Jar  to  muscles  has  in  it  a  degree  of  vital  contraction :  that  of  other 

is  only  due  to  their  being  well  nourished,  and  therefore  compact  and 


Ajutomatiam. — It  will  have  been  gathered  from  the  preceding 
•ccount,  that  the  spinal  cord  has  no  power  of  automatic  (indepen- 
^^t)  action,  either  voluntary  or  involuntary.  Its  power  as  a 
^'•'tTe-centre  over  and  beyond  that  of  conduction  is  confined  to  the 

'^^^^^erence  and  reflection  of  impressions  which  are  conveyed  to  it 

*^  other  parts  of  the  body. 

The  Medulla  Oblongata. 

The  medulla  oblongata  (figs.  249,  250)  is  a  column  of  grey  and 
Hite  nervous  substance  formed  by  the  prolongation  upwards  of 

e  q^inal  cord  and  connecting  it  with  the  brain. 

Btrnoture. — The  grey  substance  which  it  contains  is  situated 

the  interior,  and  variously  divided  into  masses  and  lauiino)  by 

white  or  fibrous  substance  which  is  arranged  partly  in  external 

mns,   and   partly   in  fasciculi    traversing  the    central  grey 

er.     The  medulla  oblongata  is  larger  than  any  part  of  the 

1  cord.     Its  coliunns  are  pyriform,  enlarging  as  they  pro- 
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cecd  towards  the  brain,  aiid  are  continuous  vith  those  of  the  spinal 
cord. 

Each  half  of  the  medxilla,  therefore,  may  be  divided  into  three 
colunma  or  tracts  of  fibres,  continuous  with  tho  three  tracts  of 
which  cftL-h  half  of  the  spinal  cord  is  made  up.  The  columns  are 
'more  proiuiueut  than  thouc  of  tho  spinal  cord,  and  separated  &om 
eacli  other  by  deciwr  gnioves.     The  anterior,  continuous  with  tho 


Fi'j.  249. 


anterior  columns  of  the  cord,  fire  called  the  anterior  pjw"'*' 
the  yxwffn'or,  continuouti  with  tho  posterior  columns  of  the  f*"* 

"  Fig.  249. ,  Vipw  of  tlie  aot^rior  Burfece  of  thp  poiiB  Varolii,  tnA  vik'"^ 
oblongntii,  n,  n,  anterior  pyramids  ;  5,  their  decussation  ;  r,  c.oUTiiyW''*' 
d,  rf,  restiform  liodica  ;  c,  nrcifonii  fibres  ;  f,  fibres  described  bj  Sollj  M  I** 
ing  from  the  anterior  column  of  tlie  conl  to  the  cerebellum ;  g,  imteriorwl'''' 
of  the  Hjiinal  conl  ;  h,  lateral  column  ;  p,  pons  Varolii ;  i,  its  npjwr  fibiM  1  v 
5,  roots  of  tliB  fifth  pair  of  nerves. 

+  Fig.  250.  View  of  the  posterior  snrfuce  of  the  pons  Varolii,  «*?** 
qmulrigcmiTifl,  and  medulla  oblorgnto.  The  peduncles  of  the  cerebelloa"* 
cut  short  at  the  side,  a,  a,  thewpperpair  of  corpora  qnndrigeraina i  *i'i* 
loirer;/,/,  anperior  peduncles  of  the  cerebellum  ;  e,  eminence  connectri*** 
the  nucleus  of  the  hypoglossal  nerve  ;  c,  tliat  of  tho  glosso-phHrjngeal  nf"*  ■ 
(,  that  of  tho  YnfiUB  nerve  ;  rf,  d,  restiform  bodies;  p,  p,  posterior  pTTMui'' 
V,  r,  groove  in  the  middle  of  the  fourth  rentricte,  ending  below  in  the  csUni" 
■criptoiios  ;  J,  7,  roots  of  the  auditory  uerros. 
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are  called  the  resti/orm  bodies.  On  the  outer  side  of  the  anterior 
pyramids  of  each  side,  near  its  upper  part,  is  a  small  oval  mass 
containing  grey  matter,  and  named  the  olivary  body  ;  and  at  the 
posterior  part  of  the  restiform  column,  immediately  on  each  side 
of  the  posterior  median  groove,  a  small  tract  is  marked  off  by  a 
slight  groove  from  the  remainder  of  the  restiform  body,  and  called 
the  'posterior  'pyramid.  The  restiform  columns,  instead  of  remain- 
ing parallel  with  each  other  throughout  the  whole  of  the  medulla 
oblongata,  diverge  near  its  upper  part,  and  by  thus  diverging,  lay 
open,  80  to  speak,  a  space  called  the  fourth  ventricle,  the  floor  of 
which  is  formed  by  the  grey  matter  of  the  interior  of  the  medulla, 
by  this  divergence  exposed. 

On  separating  the  anterior  pyramids,  and  looking  into  the 
grooye  between  them,  some  decussating  fibres  of  the  lateral 
oohuims  of  the  cord  can  be  plainly  seen. 

Distribution  of  the  Fibres  of  the  Medulla  Oblongata. 

The  anterior  pyramid  of  each  side,  although  mainly  composed  of  con- 
tmnations  of  the  fibres  of  the  anterior  columns  of  the  spinal  cord,  receives 
fibres  from  the  lateral  columns,  both  of  its  own  and  the  opposite  side  ;  the 
letter  fibres  forming  almost  entirely  those  decussating  strands  before  men- 
tioned,  which  are  seen  in  the  groove  between  the  anterior  pyramids. 

ThoB  composed,  the  anterior  pyramidal  fibres  proceeding  onwards  to  the 
iHain  are  distributed  in  the  following  manner  : — i.  The  greater  part  pass  on 
"ttroagh  the  pons  to  the  cerebrum.  A  portion  of  the  fibres,  however,  running 
•P«rt  from  the  others,  joins  some  fibres  from  the  olivary  body,  and  unites 
"••ith  them  to  form  what  is  called  the  olivary  fascicuhis  ov  fillet.  2.  A  small 
^''■ct  of  fibres  proceeds  to  the  cerebellum, 

%  lateral  column  on  each  side  of  the  medulla,  in  proceeding  upwards, 
^^ides  into  three  parts,  outer,  inner,  and  middle,  which  are  thus  disposed 
^J— 1.  The  outer  fibres  go  with  the  restiform  tract  to  the  cerebellum.  2. 
^^  middle  decussate  across  the  middle  line  with  their  fellows,  and  form  a 
IJ^rt  of  the  anterior  pyramid  of  the  opposite  side.  3.  The  inner  pass  on  to 
•^  oerebmm  along  the  floor  of  the  fourth  ventricle,  on  each  side,  under  the 
^iBe  of  ihe/aeeicuhu  teres, 

^he  fibres  of  the  resti/orm  body  receive  some  small  contributions,  as  before 
^^^tttioned,  from  both  the  lateral  and  anterior  columns  of  the  medulla^  and 
•^'"Oceed  chiefly  to  the  cerebellum,  but  that  small  part  behind,  called  posterior 
^}Mmid,  is  continued  on  with  the  fasciculus  teres  of  each  side  along  the 
^^  of  ttie  fourth  ventricle  to  the  cerebrum. 

the  expressions  **  continuous  fibres,*'  and  the  like,  appear  to  be  usually 
^Itdentood  as  meaning  that  certain  primitive  nerve-fibres  pass  without  in- 
^•ituption  from  one  part  to  another.  But  such  continuity  of  primitive  fibres 
^Qtn^  long  distances  in  the  nervous  centres  is  very  far  from  proved.  The 
ippizent  contiamty  of  fasciculi  (which  is  all  that  dissection  can  yet  trace) 

L  L 
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is  explicable  on  the  suppoeition  that  many  comparatiyely  short  fibres  lie 
parallel,  with  the  ends  of  each  inlaid  among  many  others.  In  such  a 
case,  there  would  be  an  apparent  continuity  of  fibres  ;  just  as  there  is,  for 
example,  when  one  untwists  and  picks  out  a  long  cord  of  silk  or  wool,  in 
which  each  fibre  is  short,  and  yet  each  fasciculus  appears  to  be  oontiniied 
through  the  whole  cord. 

Funotions. — The  functions  of  the  medulla  oblongata,  like 
those  of  the  spinal  cord,  may  be  considered  under  the  heads  of: 
I.  Conduction;  2.  Transference  and  Reflection;  and,  in  addition, 
3.  Automatism. 

1.  In  conducting  impressions  the  medulla  oblongata  has  a  wider 
extent  of  function  than  any  other  part  of  the  nervous  system, 
since  it  is  obvious  that  all  impressions  passing  to  and  fro  between 
the  brain  and  the  spinal  cord  and  all  nerves  arising  below  the 
ponS;  must  be  transmitted  through  it 

The  decussation  of  part  of  the  fibres  of  the  anterior  pyramids  of  the 
medulla  oblongata  (p.  513),  explains  the  phenomena  of  the  loss  of  iMtin 
in  cerebral  apoplexy  being  always  on  the  side  opposite  to  that  on  which  the 
effusion  of  blood  has  taken  place.    Looking  only  to  the  anatomy  of  Hi^ 
medulla  oblongata,  it  was  not  possible  to  explain  why  the  loss  of  sematw* 
also  is  on  the  side  opposite  the  injury  or  disease  of  the  brain  :  for  there  is  do 
evidence  of  a  decussation  of  posterior  fibres  like  that  which  ensues  smcmg 
the  fibres  of  the  anterior  pyramids  of  the  medulla  oblongata.    But  Brown- 
S^quard  has  shown  that  the  crossing  of  sensory  impressions  occurs  in  tiJC 
spinal  cord  (p.  504). 

2.  As  a  nerve-centre  by  which  impressions  are  iransferrfd  ^ 
7'ejlectedf  the  medulla  oblongata  also  resembles  the  spinal  cord  J 
the  only  difference  between  them  consisting  of  the  fact  that  to^J 
of  the  reflex  actions  performed  by  the  former  are  much  djotc 
important  to  life  than  any  performed  by  the  spinal  cord. 

Demonstration  of  Functions. — It  has  been  proved  byi*' 
peated  experiments  on  the  lower  animals  that  the  entire  \^ 
may  be  gradually  cut  away  in  successive  portions,  and  yet  v^^ 
may  continue  for  a  considerable  time,  and  the  respiratory  JOO^ 
ments  be  uninterrupted.  Life  may  also  continue  when  the  spin** 
cord  is  cut  away  in  successive  portions  from  below  upwards  ^ 
high  as  the  point  of  origin  of  the  phrenic  nerve.  In  Ampbiw*» 
these  two  experiments  have  been  combined  :  the  brain  being  *** 
removed  from  above,  and  the  cord,  as  far  as  the  medulla  oblong***» 
from  below ;  and  so  long  as  the  medulla  oblongata  was  iatact) 
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respiration  and  life  were  maintained.  But  if,  in  any  animal,  the 
meduUa  oblongata  is  wounded,  particularly  if  it  is  wounded  in  its 
central  part,  opposite  the  origin  of  the  pneumogastrio  nerves,  the 
respiratory  movements  cease,  and  the  animal  dies  asphyxiated. 
And  this  effect  ensues  even  when  all  parts  of  the  nervous  system, 
except  the  medulla  oblongata,  are  left  intact. 

Injury  and  disease  in  men  prove  the  same  as  these  experiments 
on  animak.  Numerous  instances  are  recorded  in  which  injury  to 
the  medulla  oblopigata  has  produced  instantaneous  death ;  and, 
indeed,  it  is  through  injury  of  it,  or  of  the  part  of  the  cord 
connecting  it  with  the  origin  of  the  phrenic  nerve,  that  death  is 
commonly  produced  in  fractures  and  diseases  with  sudden  dis- 
placement of  the  upper  cervical  vortebne. 

Special  Centres. 

(i.)  Respiratory. — The  centre  whence  the  nervous  force  for  the 
production  of  combined  respiratory  movements  appears  to  issue  is 
in  the  interior  of  that  part  of  the  medulla  oblongata  from  which 
the  pueumogastric  nerves  arise.  The  pneumogastrio  nerves  them- 
nelveSy  indeed,  are  not  essential  to  the  respiratory  movements ; 
for  both  may  be  divided  without  more  immediate  effect  than  a 
retardation  of  these  movements.  But  in  this  part  of  the  medulla 
oblongata  is  the  nerve-centre  whereby  the  impulses  producing  the 
respiratory  movements  issue,  and  through  which  impulses  conveyed 
£rom  distant  parts  are  reflected. 

The  wide  extent  of  connection  which  belongs  to  the  medulla 

oblongata  as  the  centre  of  the  respiratory  movements,  is  shown 

by  the  fact  that  impressions  by  mechanical  and  other  ordinary 

stimuli,  made  on  many  parts  of  the  external  or  internal  surface 

^tho  body,  may  modify,  i.^.,  increase  or  diminish  the  rapidity  of 

'^iratory  movements.   Thus  involuntary  respirations  arc  induced 

"y  the  sudden  contact  of  cold  with  any  part  of  the  skin,  as  in 

^*«hing  cold  water  into  the  face.     Irritation  of  the  mucous  mem- 

"fane  of  the  nose  produces  sueezing     Irritation  in  the  pharynx, 

^phagus,  stomach,  or  intestines,  excites  the  concurrence  of  the 

''fispiratory  movements  to  produce  vomiting.     Violent  irritation  in 

the  rectum,  bladder,  or  uterus,  gives  rise  to  a  concurrent  action 

^  the  respiratory  muscles,  so  as  to  effect  the  expulsion  of  tho 

ibces,  urine,  or  foetus. 
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Ihat  the  respimtoij  centre  in  lie  medulla  is  not  aiinplj 
(i  nppair  llmt  Ihe  reJUrtiiig  power  of  the  nietlalla  oblongnta 
jed,  and  yet  ils  power  of  cnufflDg  reepiratorj  moTtmcntH  msy 
<.  in  (lalienta  complcteij  under  the  iiifluBncc  of  chloToform.  the 
10  cje-lids  censes,  and  irriiftUon  of  the  phurjox  will  not  pro- 
.1  luQv-cmcDtB  of  sn-Bllowing,  or  the  closure  of  the  glottis  (so 
y  nm  quietly  into  the  stomach,  or  ercn  into  the  longs)  ;  yet, 
thuj  tunj  breathe  steadily,  and  show  that  the  power  of  the 
igala  to  comhine  in  notion  all  (he  nerres  of  the  respiratory 
fi-ct.  We  find,  also,  that  when  the  spinnl  cord  is  divided  below 
he  fncini  nod  litryngeal  movemi-ntH  of  respimtion  continue, 

'  fur  SeglalittoH. — Tho  medulla  oblongata  appears  to 

the  palate,  pharyui:,  aiid  cesophagus,  to  produce  tbo 
)-oriliiiatc  oud  adapted  movements  iiecessar}-  to  the  act 
1  {p.  aSo).     TLis  is  proved  by  the  pereistcuce  of  awal- 
me  of  the  lower  niiimalM  after  ilestruetiou  of  tbo  cere- 
lierca  and  cerebellum ;  its  eiiateucc  iu  anencepIialoiiM 
lie  power  of  swallowing  poaseaaed  by  the  maraupial 
jre    the    brain    ia  developed;    and    by  the  eoinplcto 
1  power  of  awallowiiig  ivbcu  the  medulla  oblongata  ia 
:]>Griments. 
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(p.  344),  is  probably  the  vasomotor  centre ;  and  this  peculiar 
result  of  its  stimulation  is  merely  due  to  vasomotor  changes 
in  the  liver. 

Though  respiration  and  life  continue  while  the  medulla  olv 
Longata  is  perfect  and  in  connection  with  the  respiratory  nerves, 
yet,  when  all  the  brain  above  it  is  removed,  there  is  no  more 
appearance  of  sensation,  or  will,  or  of  any  mental  act  in  the 
animal,  the  subject  of  the  experiment,  than  there  is  when  only 
the  spinal  cord  is  left.  The  movements  are  all  involuntary  and 
unfelt ;  and  the  medulla  oblongata  has,  therefore,  no  claim  to  be 
considered  as  an  organ  of  the  mind,  or  as  the  seat  of  sensation 
or  voluntary  power.  These  are  connected  with  parts  to  be  after- 
Wards  described. 

Pons  Varolii. 

Structure. — The  meso-cephalon,  or  pons  (vi,  fig.  251),  is  com- 
>oaed  principally  of  transverse  fibres  connecting  the  two  hemispheres 
^  the  cerebellum,  and  forming  its  principal  transverse  commis- 
^'Mre.  But  it  includes,  interlacing  with  these,  numerous  longi- 
Lciinal  fibres  which '  connect  the  medulla  oblongata  with  the 
XTcbrum,  and  transverse  fibres  which  connect  it  with  the  cere- 
■Hum.  Among  the  fasciculi  of  nerve-fibres  by  which  these 
^^€ral  parts  are  connected,  the  pons  also  contains  abimdant  grey 
vesicular  substance,  which  appears  irregularly  placed  among 
^  fibres,  and  fills  up  all  the  interstices. 

^^unctions. — The  anatomical  distribution  of  the  fibres,  both 
^-^isverse  and  longitudinal,  of  which  the  pons  is  composed,  is 
^fiScient  evidence  of  its  functions  as  a  conductor  of  impressions 
^Cki  one  part  of  the  cerebro-spinal  axis  to  another. 

Ooncemlng  its  functions  as  a  nerve-centre,  little  or  nothing  is 
^*^inly  known. 

Crura  Cerebri. 

Btruoture. — The  crura  cerebri  (iii,  fig.  251),  are  principally 
formed  of  nerve-fibres,  of  which  the  inferior  or  more  superficial 
•i^  continuous  with  those  of  the  anterior  pyramidal  tracts  of  the 
i&edulla  oblongata,  and  the  superior  or  deeper  fibres  with  the 
htend  and  posterior  pyramidal  tracts,  and  with  the  olivary  fasci- 
eolos.  Besides  these  fibres  from  the  medulla  oblongata,  are 
others  from  the  cerebellum ;  and  some  of  the  latter  as  well  as  a 
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part  of  the  fibres  derived  from  the  lateral  tract  of  the  met 
oblongata,  decussate  acroaa  the  middle  line. 

Each  cnia  cerebri  contains  among  its  fibres  a  moss  of 
substance,  the  locui  niger. 

Functions. — With  regard  to  their  functions,  the  crura  cei 


may  be  regarded  a?,  principally,  conducting  or,janH.  As  nf 
centres  they  are  probably  connected  with  the  functions  of 
third  cerebral  nerve,  which  firiaes  from  the  locvi  nJ^f,  and  thro 
which  are  directed  the  chief  of  the  numerous  and  coraplio 


*  Fig.  251.  linse  of  tlie  )irHin, — 1,  superior  lonf^tudinal  fissure  ;  1, 1 
anterior  cercbml  lobe  ;  3,  fisauro  of  Sylviuu.  bctnoen  anlerior  and  4,  4' 
iniddlo  cerebral  lobe  ;  5,  5',  posterior  lobe  (  6,  racilulln  oblongata  ;  the  I 
is  in  the  right  anterior  jiyniniid  ;  7,  8,  9,  10.  the  cercliellnni  ;  + ,  the  'wi 
vermiform  process.  TIio  fisnrca  from  I.  to  IX.  nre  ]i)aced  against  that 
spasding  cerebral  nerrrs  ;  111.  is  placed  on  tlio  right  cnis  cerebri ;  Tt 
VII.  on  tho  pons  Varolii ;  X.  the  first  cervical  or  suboccipital  netre,  (- 
Thonuon.)    i. 
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uoTements  of  the  eyeball.     The  cmra  cerebri  are  also  in  ail 
probability  connected  vrith  the  co-ordination  of  other  movements 

Fig.  a52.» 


^^^'^ 


?%.  252.  Dissection  of  brain,  from  niiove,  cxpoaing  the  lateral, 
*tli,  and  fifth  ventricleg,  with  the .  surrounding  v*rts  (Hirachfleld  and 
*r^  *''  ^' — "'  '"**"'"'  P""^'  "'  3""'  "f  corpus  calloBwn  ;  b,  cotjniB 
^**tiini ;  y,  the  corpus  striatum  of  left  aide,  diesocted  so  as  to  expose  its 
P*>  mbstance  ;  c,  points  bj-  a  line  to  tho  tajuia  temicircolaris  ;  d,  optic 
r***iiiiai ;  e,  anterior  pillars  of  fornix  divided  ;  balow  they  are  seen  doscend- 
R  b  front  of  the  third  ventricle,  and  between  them  is  seen  part  of  the 
r'*«iior  commissure  ;  in  front  of  tho  letter  e  is  seen  tho  slit-lite  fifth  vcn- 
^^le,  between  tho  tivo  laminre  of  tho  septum  lucidum  ;  /,  soft  or  middle 
„  "^liuiBanre ;  g  is  placed  in  the  posterior  part  of  tho  thin!  ventricle  ;  imme- 
^tely  behind  the  Utter  are  tho  posterior  commissure  (just  visible)  and  the 
J*****!  gland,  ths  two  crura  of  which  exti'nd  fori^arda  along  the  inner  and 
^'Ptr  margiua  of  the  optic  thalami ;  h  oud  i,  the  corpora  quadrigemina ;  k, 
^"erior  crna  of  cerobeliuni ;  tlose  to  t  is  the  valve  of  Vieussens,  wMch  has 
"•>»  divided  »o  as  to  expose  the  fourth  vcntricla  ;  (,  hippocampue  nti^ar  and 
^^Vdi  fimbriatnm,  or  tenia  hippocauipi ;  m,  hippocampnl  minor  ;  n,  omi- 
■•Wi*  collatetalis ;  0,  fourth  ventricle ;  p,  posterior  surface  of  medulla 
™)(ii0ta;  r,  section  of  cerebellum  ;  s,  upper  part  of  left  hemisphere  of 
BxpoMd  bj  the  nmoval  of  part  of  the  i>a«t«rioT  cerebtal  lobe. 
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besides  those  of  the  eye,  as  either  rotatory  (p.  527)  or  disorderly 
movements  result  after  sectiou  of  either  of  them. 


Corpora  Quadrigemina. 

The  corpora  quadrigemina  (from  which,  in  function,  the  corpora 
geniculata  are  not  distinguishable),  are  the  homologues  of  the 
optic  lobes  in  Birds,  Amphibia,  and  Fishes,  and  may  bo  regarded 
as  the  principal  nerve-centres  for  the  sense  of  sight. 

Functions. — (i)  The  experiments  of  Flourens,  Longet,  and 
Hertwig,  show  that  removal  of  the  corpora  quadrigemina  wholly 
destroys  the  power  of  seeing ;  and  diseases  in  which  they  are 
disorganised  are  usually  accompanied  with  blindness.  Atrophy 
of  them  is  also  often  a  consequence  of  atrophy  of  the  eyes. 
Destruction  of  one  of  the  corpora  quadrigemina  (or  of  one  optic 
lobe  in  birds),  produces  blindness  of  the  opposite  eye. 

This  loss  of  sight  is  the  only  apparent  injury  of  sensibility 
sustained  by  the   removal  of  the  corpora  quadrigemina.      The> 
(2)  removal  of  one  of  them  affects  the  movements  of  the  body, 
that  animals  rotate,  as  after  division  of  the  crus  cerebri,  onl, 
more  slowly  :  but  this  may  be  due  to  giddiness  and  partial  1 
of  sight.     (3)  The  more  evident  and  direct  influence  is  that  p 
duced  on  the  iris.     It  contracts  when  the  corpora  quadrigcmi 
are  irritated  :  it  is  always  dilated  when  they  are  removed : 
that  they  may  be  regarded,  in    some   measure  at  least,  as  tb^ 
nervous  centres  governing  its  movements,  and  adapting  them  tx^ 
the  impressions  derived  from  the  retina  through  the  optic  netfes 
and  tracts.     (4)  The  centre  for  the  co-ordination  of  the  move- 
ments of  the  eye  is  also  contained  in  them.     This  centre  is  closely 
associated  with  that  for  contraction  of  the  pupil,  and  so  it  follows 
that  contraction  or  dilatation  follows  upon  certain  definite  ocular 
movements. 

Corpora  Striata  and  Optio  Thalami. 

Structure. — (i.)  The  corpora  striata  are  situated  in  front  rf 
the  optic  thalami,  partly  within  and  partly  without  the  lateral 
ventricle.     Each  corpus  striatum  consists  of  two  parts. 

(a.)  Intraventricular  portion  or  caudate  nucleus,  is  conical  in 
shape,  with  the  base  of  the  cone  forwards ;  it  consists  of  grey  matter, 
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with  white  substance  in  its  centre,  which  comes  from  the  corre- 
sponding cerebral  pedimcle. 

(6.)  Extraventricular  portion  or  lenticular  nucleus,  is  separated 
from  the  other  portion  by  a  layer  of  white  material.  It  is  seen  on 
section  of  the  hemisphere.  Its  horizontal  section  is  wider  in  the 
centre  than  at  the  end.  On  the  outside  is  the  grey  lamina 
(claustrum). 

Between  the  corpus  striatum  and  optic  thalamus  is  the  tcenia 
^emtcircularis,  a  semi-transparent  band  which  is  continued  back 
into  the  white  substance  of  the  roof  of  the  descending  horn  of  the 
ventricle. 

(2.)  The  Optic  Thalami  are  oval  in  shape,  and  rest  upon  the 
crura  cerebri.  The  upper  surface  of  each  thalamus  is  free,  and  of 
^li.lte  substance,  it  projects  into  the  lateral  ventricle.  The  posterior 
ux-face  is  also  white.  The  inner  sides  of  the  two  optic  thalami 
f^  in  partial  contact,  and  are  composed  of  grey  material  un- 
>'v^cred  by  white,  and  are,  as  a  rule,  connected  together  by  a 
^iMverse  portion. 

S\uictioxi8. — The  two  ganglia,  the  corpus  striatum,  and  optic 

^  calamus,  are  placed  between  the  cerebral  convolutions  and  the 

•^^^^  cerebri  of  the  same  side.    It  is  probable  that  although  some 

^     "the  fibres  of  the   crus  pass  without  interruption   into  the 

'^^^brum,  the  majority  of  the  fibres  pass  into  these  ganglia,  first  of 

Ml,  the  lower  fibres  (crusta)  into  the  corpus  striatum,  and  the 

^Pper  (tegmentum)  into  the  optic  thalamus,  and  then  out  into  the 

^i^brum.     From  the  position  of  these  bodies,  it  would  be  reason- 

*^^o  to  suppose  that  they  were  interposed  in  function  between  the 

operation  of  the  will  on  the  one  hand,  and  on  the  other  with  the 

^i»8ori-motor  apparatus  below  them,  and  it  is  believed  that  this 

**  the  case,  although  the  evidence  is  not  exact ;  the  theory  that 

^c  corpus  striatum  is  the  fnotor  ganglion,  and  that,  when  injured, 

^^  communication  between  the  will  and  the  muscles  of  one  half 

^f  the  body  is  broken  (hemiplegia),  being  supported  by  many 

Wthological  facts  and  physiological  experiments,  and  generally 

*^ived  by  pathologists.     It  is  found  that  the  cerebral  functions 

^  as  a  rule  unimpaired.     In  the  same  way  the  evidence  that 

^  optic  thalamus  is  the  sensory  ganglion,  depends  upon  similar 

^^Wrationfly  that  when  iujured  or  destroyed,  sensation  of  the 

^fpottte  side  of  the  body  is  impaired  or  lost     In  both  cases,  the 
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ports  paralysed  aro  on  the  opposite  sido  to  tbe  lesions,  the  deciu- 
satioii  of  both  sets  of  fibres  taking  place,  as  wo  hare  seen,  below 
the  ganglia.  It  is  a  fact,  however,  that  mauj  experiments  ami 
pathological  obsen-ations  are  opposed  to  the  above  theoiy,  which 
must  thereforo  be  i-cccived  with  caution. 

The  CerebeUiua. 

The  Ccrobcllnm  (7,  8,  9,  10,  tig.  251),  is  composed  of  an  elon- 
gated central  portion  called  the  vermifonu  processes,  and  tvo 
hemispheres.     Each  hemisphere  is  connected  with  its  fellow,  not 


only  by  means  of  the  vermiform  processes,  but  also  by  a  bundk? 
fibres  called  the  middle  eriia  or  jtedancU  (the  latter  fortniog  **' 


•  Fig.  153.  View  of  cirebclluni  in  section  onil  of  fourth  ventric!*.  Bill  }^ 
iieighbouritig  pnits  {fi-oni  SAppcf  after  Hirschfeld  and  Lcreill^).  1,  at'U''' 
groove!  of  fourth  vpiitricle,  ending  below  in  the  ailamvs  aeriptonta,  irith''* 
loiigitnijinnl  eminenci's  formed  by  thc/aaciaili  tenUs,<nxe  on  each  si J«  i  It  l^' 
snmc  groove,  at  tlio  plnco  where  tlie  white  streaks  of  the  auditoTT  n*" 
cniergo  from  it  to  cross  the  lloor  of  the  ventricle ;  3,  inferior  cnis  or  psdni''' 
of  the  cerebellum,  foimeil  by  the  rastifotm  body  ;  4,  posterior  pymmiil ;  •'■''* 
tills  is  tb6  cflliimus  sciijitorius  ;  5,  Mipcrior  cms  of  cerebellum,  or  piow«* 
e  cerebcUo  ad  cerebrum  (or  od  testes) ;  6,  6,  tIlUt  to  the  side  of  the  f^ 
cerebri  ;  7,  7,  lateral  grooTes  of  the  cmta  cerebri ;  8,  corpora  quadrigisiB^ 
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*eater  part  of  the  pons  Varolii),  while  the  mperior  crura  with  the 
live  of  Vieussens,  connect  it  with  the  cerebrum  (5,  fig.  253),  and 
LO  inferior  crura  (formed  by  the  prolonged  restiform  bodies)  con- 
3Ct  it  with  the  medulla  oblongata  (3,  fig.  253). 

Struoture. — The  cerebellum  is  composed  of  white  and  grey 
atter,  the  latter  being  external,  like  that  of  the  cerebrum,  and, 
lie  it,  infolded,  so  that  a  larger  area  may  be  contained  in  a  given 
lace.  The  convolutions  of  the  grey  matter,  however,  are  arranged 
ler  a  ditferent  pattern  as  shown  in  fig.  253. 

Besides  the  grey  substance  on  the  surface,  there  is,  near  the 
intre  of  the  white  substance  of  each  hemisphere,  a  small  capsule 
'grey  matter  called  the  corpus  dentatum  (fig.  254,  cd)^  resembling 

Fij.  254.* 


«^  closely  the  corpus  doUatum  of  the  olivary  body  of  the  medulla 
longata  (fig.  254,  0). 

If  a  section  be  taken  through  the  cortical  portion  of  the  cere- 
iUxim,  the  following  distinct  layers  can  be  seen  (fig.  255). 

(i.)  Immediately  beneath  the  pia  mater  (p  m)  is  a  layer  of  con- 
^Qrable  thickness,  which  consists  of  a  delicate  connective  tissue, 
^  nhich  are  scattered  several  spherical  corpuscles  like  those  of  the 


^  fig.  254.  Oatline  sketch  of  a  section  of  tho  cerebellum  showing  the 
^^fut  dentatum.  The  section  has  been  carried  through  the  left  lateral  part 
^^  pons,  so  as  to  divide  the  superior  peduncle  and  pass  nearly  through  the 
^liddle  of  the  left  cerebellar  hemisphere.  The  olivary  body  has  also  been 
Prided  longitudinally  so  as  to  expose  in  section  its  corpus  derUafum.  c  r,  cms 
BBiebri;  /,  fillet;  q,  corpora  quadrigemina ;  s p,  superior  peduncle  of  the  cere- 
Mhon  divided;  mp,  middle  peduncle  or  lateral  part  of  the  pons  Varolii,  with 
ftni  passing  fix)m  it  into  the  white  stem ;  a  v,  continuation  of  the  white 
teiidijitiiig  towards  the  arbor  vits  of  the  folia ;  c  d,  corpus  dentatum ;  0,  oli* 
Vy  fiody  with  ita  corpus  dentatum ;  p,  anterior  pyramid  (Allen  Thomson).  }. 
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or  of  the  retina,  and  also  an  immense  number  of 
s  passing  up  towards  the  free  surface  and  branching 
I'liese  fibres  are  the  proceBsea  of  the  cells  of  Purkinjc. 
:elU  of  Purkinjt  ( ;.).     These  are  a   siugle   layer  of 
■ve-cella,  which  give  off  a  single  unbranched  procCBs 
md  numeroua  proecaaea  up  into  the  estemal  layer, 
h  Ijccome  continuous  -with  the  scattered  corpusclca, 
riinvlar  hijtr  (g),  consisting  of  immense  numbers  of 
onely  resembling  those  of  the  nuclear  layers  of  the 

^bre  layer  (/).  Bimdlea  of  nerve-fibres  forming  the 
of  tlio  cerebellum,  which,  from  its  branched  appcar- 

n  named  the  "  arbor  vitas." 

3. — The  physiology  of  the  Cerebellum  may  be  ron- 

s  relation  to  sensation,  voluntary  motion,  and  the 
higher   faculties  of  the   mind.     Its  funotions,  like 

ry  other  part  of  the  neri'ous  system,  are  to  bo  de- 

phyaiologicfll  experiment,  liy  pfitliologic.al  observation 

mparative  anatomy. 

tuj^metmbl^^rrilot^^ 

THE   CEBEBELLUH. 
Pis-  ass." 


Terti<»l  eection  of  do;!'s  ccrobollum  ;  p  m,  \Aa  mater  ;  p,  cor- 

'kinje,  toWcIi  are  branched  Eerve-cells  lying  in  a  aioglollayer 

■jlglo  procewes  downnarda  and  more  numerous  ones  upwards, 

^ntiDuoualy  and  exteud  tlirougb  the  deep  "molwnlar  layer" 

•e  lorTace ;  g,  dense  layer  of  Bangtionio  corpuscles,  closely  ro- 

r  Uyers  of  retina  ;/,  layer  of  ucrve-fibres,  with  a  Tew  acBtt«red 

udes.     Thia  lost  Uyer  (//)  conatitiiti's  part  of  the  KhUt 

tbellunt,  while  the  layers  betireea  it  and  tbc  free  surfkca  (.ta 

u  and  Noble  SmithJ. 
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without  being  convulsed ;  their  movements  were  violent  and  irre- 
gular, but  their  sight  and  hearing  were  perfect.  By  the  time  that 
the  last  portion  of  the  organ  was  cut  away,  the  animals  had  en- 
tirely lost  the  powers  of  springing,  flying,  walking,  standing,  and 
preserving  their  equilibrium.  When  an  animal  in  this  state  w«b 
laid  upon  its  back,  it  could  not  recover  its  former  posture,  but  it 
fluttered  its  wings,  and  did  not  lie  in  a  state  of  stupor  ;  it  saw  the 
blow  that  threatened  it,  and  endeavoured  to  avoid  it.  Volition, 
sensation,  and  memory,  therefore,  were  not  lost,  but  merely  the 
faculty  of  combining  the  actions  of  the  muscles;  and  the  en- 
deavours of  the  animal  to  maintain  its  balance  were  like  those  of 
a  dnmken  man. 

The  experiments  afibrded  the  same  results  when  repeated  on 
all  classes  of  animals ;  and,  from  them  and  the  others  before 
referred  to,  Flourens  inferred  that  the  cerebellum  belongs  neither 
to  the  sensory  nor  the  intellectual  apparatus ;  and  that  it  is  not 
the  source  of  voluntary  movements,  although  it  Ixjlongs  to  the 
motor  apparatus ;  but  is  the  organ  for  the  co-ordination  of  the 
voluntary  movements,  or  for  the  excitement  of  the  combined  actiocm. 
of  muscles. 

Such  evidence  as  can  be  obtained  from  cases  of  disease  of  thi^ 
organ  confirms  the  view  taken  by  Flourens ;  and,  on  the  whote» 
it  gains  support  from  comparative  anatomy ;  animals  whoep^ 
natiu^  movements  require  most  frequent  and  exact  combin^^^ 
tions  of  muscular  actions  being  those  whose  cerebella  are  mc 
developed  in  proportion  to  the  spinal  cord. 


M.  Foville  holds  that  the  cerebellum  is  the  orjran  of  mugcnlar  fente,  i^-* 
the  organ  by  which  the  mind  acquires  that  knowledge  of  the  actual  state  ai>^ 
position  of  the  muscles  which  is  essential  to  the  exercise  of  the  will  upo^ 
them  ;  and  it  must  be  admitted  that  all  the  facts  just  referred  to  are  as  ir^* 
explained  on  this  hypothesis  as  on  that  of  the  cerebellum  being  the  org*** 
for  combining  movements.    A  harmonious  combination  of  muscular  actjo*** 
must  depend  as  much  on  the  capability  of  appreciating  the  condition  of  ^ 
muscles  with  regard  to  their  tension,  and  to  the  force  with  which  they  •** 
contracting,  as  on  the  power  which  any  special  nerve-centre  may  posse*  ^ 
exciting  them  to  contraction.    And  it  is  because  the  power  of  such  harmoo^' 
ous  movement  would  be  equally  lost,  whether  the  injury  to  the  cercbelltiiB 
involved  injuiy  to  the  seat  of  muscular  sense,  or  to  the  centre  for  oombini^^ 
muscular  actions,  that  experiments  on  the  subject  afford  no  proof  in  oi* 
direction  more  than  the  other. 

In  opposition  to  the  theory  once  believed,  that  the  cerebeUnm  is  the 


\ 
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organ  of  eexoal  passion,  it  may  be  stated  that  there  has  been  a  case  of 
complete  disorganization  or  absence  of  the  cerebellum  without  loss  of 
Bexuid  passion  (Combiette,  Longet,  and  Cravcilhier)  ;  that  the  cocks  from 
whom  M.  Flonrens  removed  the  cerebellum  showed  sexual  desire,  though 
they  were  incapable  of  gratifying  it ;  and  that  among  animals  there  is  no 
proportion  observable  between  the  size  of  the  cerebellum  and  the  apparent 
development  of  the  sexual  passion.    Among  the  Amphibia,  the  sextial  passion 
is  apparently  very  strong  in  frogs  and  toads  ;  yet  the  cerebellum  is  only  a 
narroiic  bar  of  nervous  substance.    Among  birds  there  is  no  enlargement  of 
the  cerebellum  in  the  males  that  are  polygamous ;  the  domestic  cock's  cere- 
bellnm  is  not  larger  tlmn  the  hen's,  though  his  sexual  passion  must  be  esti- 
mated at  many  times  greater  than  hers.    Among  Mammalia  the  same  rule 
holds ;  and  in  this  class  the  experiments  of  M.  Lassaignc  have  plainly  shown 
that  the  abolition  of  the  sexual  passion  by  removal  of  the  testes  in  early  life 
is  not  followed  by  any  dimiimtion  of  the  cerebellum ;  for  in  mares  and 
stallions  the  average  absolute  weight  of  the  cerebellum  is  61  grains,  and  in 
gddings  70  grains ;  and  its  proportionate  weight,  compared  with  that  of  the 
cerebrum,  is,  on  an  average,  as  i  :  6'59  in  marcs ;  as  i  :  $'97  in  geldings, 
tnd  only  as  i  :  7*07  in  stallions. 

Torced  MovementB. — The  influence  of  each  half  of  the  cere- 

>ellum  is  directed  to  muscles  on  the  opposite  side  of  the  body ; 

ncl  it  would  appear  that  for  the  right  ordering  of  movements,  the 

crfcions  of  its  two  halves  must  bo  always  mutually  balanced  and 

%i  'usted.     For  if  one  of  its  crura,  or  if  the  pons  on  cither  side  of 

i>^    middle  line,  be  divided,  so  as  to  cut  off  from  the  medulla 

^longata  and  spinal  cord  the  influence  of  one  of  the  hemispheres 

^    "tte  cerebellum,  strangely  disordered  movements  ensue  (forced 

H^«>vement8).     The  animals  fall  down  on  the  side  opposite  to  that 

^1^  'Which  the  cms  cerebelli  has  been  divided,  and  then  roll  over 

^^itinuously  and  repeatedly ;  the  rotation  being  always  round  the 

Iwig  axis  of  their  bodies,  and  generally  from  the  side  on  which  the 

^JUiy  has  been  inflicted.    The  rotations  sometimes  take  place  with 

^^h  rapidity ;  as  oflen,  according  to  M.  Magendie,  as  sixty  times 

^  a  minute,  and  may  last  for  several  days.     Similar  movements 

*^Te  been  observed  in  men ;  as  by  M.  Serres  in  a  man  in  whom 

**^  was  apoplectic  effiision  in  the  right  cms  cerebelli ;  and  by 

^'  Belhommo  in  a  woman,  in  whom  an  exostosis  pressed  on  tho 

*ft  cms.*   They  may,  perhaps,  be  explained  by  assuming  that  tho 

:    ^vigion  or  injury  of  the  cms  cerebelli  produces  paralysis  or  im- 


*  See  such  cases  collected  and  recorded  by  Dr.  Paget  in  the  Ed.  Med.  and 
Soig.  Joomal  for  1847. 
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perfect  and  disorderly  movements  of  the  opposite  side  of  the  body ; 
the   animal  falls,  and  then,  struggling  with  the  disordered  side 
on  the  ground,  and  striving  to  rise  with  the  other,  pushes  itself 
over ;  and  so,  again  and  again,  with  the  same  act,  rotates  itsel£ 
Such  movements  cease  when  the  other  cms  cerebelli  is  divided ; 
but  probably  only  because  the  paralysis  of  the  body  is  thus  made 
almost  complete.     Other  varieties  of  forced  movements  have  been 
observed,  especially  those  named  "  circus  movements,"  when  the 
animal  operated  upon  moves  round  and  round  in  a  circle;  and 
again  those  in  which  the  animal  turns  over  and  over  in  a  series  of 
somersaults.     Nearly  all  these  movements  may  result  on  section 
of  one  or  other  of  the  following  parts  ;  viz.  crura  cerebri,  medulla, 
pons,  cerebellum,  corpora  quadrigemina,   corpora  'striata,  optic 
thalami,  and  even,  it  is  said,  of  the  cerebral  hemispheres. 

The  Cerebrum. 

The  Cercbnmi  (composed  of  two  so-called  cerebral  hani- 
spJieres)  is  placed  in  connection  with  the  pons  and  medulla 
oblongata  by  its  two  crura  or  peduncles  (III.  ^g.  251):  it  is 
connected  with  the  cerebellum  by  the  processes  called  superior 
crura  of  the  cerebellum,  or  processus  a  cerehello  ad  testes,  and  bj  * 
layer  of  grey  matter,  called  the  valve  of  Vieussens,  which  li^ 
between  these  processes,  and  extends  from  the  inferior  vermifoHO 
process  of  the  cerebellum  to  the  corpora  quadrigemina  of  the 
cerebrum.  These  parts,  which  thus  connect  the  cerebrum  witb 
the  other  principal  divisions  of  the  cerebro-spinal  system,  m^J* 
therefore,  be  regarded  as  the  continuation  of  the  cerebwHjpin** 
axis  or  column  ;  on  which,  as  a  kind  of  offset  from  the  main  ner^^ 
path,  the  cerebellum  is  placed ;  and  on  the  further  continuation  ^ 
which  in  the  direct  line,  is  placed  the  cerebrum  (fig.  256). 

The  cerebrum  is  constructed,  like  the  other  chief  divisions  o» 
the  cerebro-spinal  system,  of  grey  (vesicidar  and  fibrous)  and  wbi*^ 
(fibrous)  matter ;  and,  as  in  the  case  of  the  cerebellum  (and  unlil^* 
the  spinal  cord  and  medulla  oblongata),  the  grey  matter  {cortex)  ^ 
external,  and  forms  a  capsule  or  covering  for  the  white  substance* 
For  the  evident  purpose  of  increasing  its  amount  without  undue 
occupation  of  space,  the  grey  matter  is  variously  infolded  so  ts  to 
form  the  cerebral  convolutions. 
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Camvoltitioiu  efihe  GerehrKm. — For  convenienco  of  description,  the  snrtaco 
of  the  brain  has  bceu  divided  into  five  lobes  (Qratiolet). 

I.  Frmlal  (F.  Sg^.  3J7, 258),  limited  behind  bj  the  Gseurc  of  Rolando 
(central  fissure),  and  beneath  by  the  fissare  of  Sylvius, 

Ita  Burfaoe  conBistx  of  three  main  convolntions,  which  are  approximntcly 
horizontal  in  direction  nnd  are  broken  up  into  numerous  secondary  gyri. 
Thej  ore  termed  the  superior,  middle,  and  inferior  frontal  convolutiona.     la 


"^idon,  the  frontal  lobe  contains,  at  ita  posterior  part,  a  convolution  nbiclt 
''**»•  upwards  almost  vertically  ("  ascending  frontal "),  and  is  boiyided  in 
^*4tt  bj  ■  fisEnrc  termed  the  priecentral,  behind  by  Ihiit  of  Kolando. 

3.  Parietal  (P.).  This  lobe  is  bounded  in  front  by  the  fissuie  of  Rolando, 
''^faind  by  the  external  perpendicular  fissure  (parieto-occipital),  and  below 
V  the  flgsnre  of  Sylvius. 

Behind  the  fissure  of  Rolando  is  the  "  ascending  parietal "  convolution, 
*mch  swells  out  at  its  upper  end  into  what  is  termed  the  superior  pBrietnl 
■biile.    The  sopeiior  parietal  iobule  is  separated  from  the  inferior  parietal 
''^"lie  by  the  intra-parietal  sulcus. 
He  inferior  parietal  lobule  (pli  conrbo)  is  sitantcd  at  the  irosterior  and 


'  Hg.  356.  Plan  in  outline  of  tlie  encepltalon,  &a  SFun  from  tlie  right  biiIf. 
■■  (From  Quain). — The  parts  are  represented  as  separated  from  one  another 
^WrlMt  more  than  natural,  so  as  to  show  th^lr  councctions.  A,  cf^rebrum  ; 
/  ft  I,  its  anterior,  middle,  and  posterior  lohea  ;  r,  fissura  of  Sylvius ;  B, 
Wtbellnm ;  C,  pons  Varolii  ;  D,  medulla  oblongntu ;  a,  peilancles  of  the 
tnbnun  ■,b,e,d,  superior,  middJo,  and  inferior  peduncles  of  the  c«t«>\>«\\«.'ra. 
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upper  end  of  the  fissure  of  Sylvius  ;  it  consists  of  (a)  an  anterior  part  (enpri- 
marginal  convolution)  which  hooks  round  the  end  of  the  fissure  of  Sylvius, 
and  joins  the  superior  temporal  convolution,  and  a  posterior  part  (h)  (angu- 
lar gyrus)  which  hooks  round  into  the  middle  temporal  convolution. 

3.  Ibmporo-itphenaidal  (T.),   contains   three  well-marked  conYoluticais, 


Fig.  257. 


parallel  to  each  other,  termed  the  superior,  middle,  and  inferior  tempo] 
The  superior  and  middle  are  separated  by  the  parallel  fissure. 
4.  Occipital  (O.).    This  lobe  lies  behind  the  external  perpendicular 


*  Fig.  257.  Lateral  view  of  the  brain  (semi-diagrammatic).  F,  Frontal  l^b^^j 
P,  Parietal  lobe  ;  O,  Occipital  lobe  ;  T,  Temporo-sphenoidal  lobe ;  S,  fissure  ^ 
Sylvius  ;  S',  horizontal,  S",  ascending  ramus  of  the  same  ;  c,  sulcus  cential^ 
(fissure  of  Rolando) ;  A,  ascending  frontal ;  B,  ascending  parietal  convolution*  » 
Fi,  superior ;  F2,  middle  ;  F3,  inferior  frontal  convolutions ;  fi,  superior* 
f2,  inferior  frontal  sulcus  ;  fj,  prsecentral  sulcus;  Pi,  superior  parietal  lobol^' 
P2,  inferior  parietal  lobule  consisting  of  P2,  supramarginal  gyrus,  and  F^' 
angular  gyrus  ;  ip,  interparietal  sulcus ;  cm,  termination  of  calloso-maigin^ 
fissure  ;  Oi,  first ;  O2,  second  ;  O3,  third  occipital  convolutions  ;  po,  ptrieto* 
occipital  fissure  ;  0,  transverse  occipital  fissure  ;  02,  sulcus  occipitalis  inferior; 
Ti,  first ;  T2,  second,  T3,  third  temporo-sphenoidal  convolutions;  tl,  finti 
t2,  second  tempoTO-Kj^beiLoidal  fissures  (Ecker). 
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pArieto-occipital  fissure,  and  contnina  three  eonvoliitians,  termed  the  SDpCTror, 
middle,  and  interior  occipita].    They  are  often  not  well  marked. 

In  man,  Uic  external  paricto-occipitol  fUsorc  is  only  to  be  diHtingaialied  aa 
a  notch  in  ttie  iimer  edge  of  the  hemisphere  ;  below  this  it  is  qait«  oblite- 
rated by  the  foor  anncctent  gyri  (plis  de  passage)  which  nm  nearly  horizon- 
tally. 

The  upper  two  connect  the  parietal,  and  the  lower  two  th«  temporal  with 
the  occipital  lobe 


5-  The  emtral  hihe,  or  inland  of  Rcil,  whicli  conlaicis  a  numbcT  of  radiat- 
®8  conTolutiona  (gjri  opcrti). 
The  iideriMil  sorfacc  (Fig.  159) 
^iput fentiratHt,  a  long  curved  c 
^  Mrpns  callodum,  and  Bwcllinf;  01 
"("■dnte  lobnle  (prmcuncus),  which 
'"'■lie  on  the  external  surf  ncc. 

^Tginal  ammlutum  nmn  parallel  to  the  prcccliug,  and  occupies  tho 
'P*K  between  it  and  tbc  edge  of  the  longitudinal  Gssarc. 


the  following  gyri  and  Ruki  ; 
volution,  parallel  to  and  cilrvinE  round 
at  its  bitiilcr  and  up])cr  end  into  the 
with  the  superior  imriclAl 


*  Tig.  358.  Tie*  of  the  brain  from  above  (semi-diagrammatic).  3l,  end 
dkxiaiDtaliwnnsof  fiamre  of  Salvias.  The  other  letters  refer  to  theaiunb 
ftfUuinFig.  157  (Ecker). 

lLlk.1 
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I  iierpindie«lar  fiEBure  is  well  marked,  aiid  nine  downwards  to 
,tli  the  ealcariiie  fissure  :  tic  ivoilge-shHped  maas  imcrvening 

on  into  the  poalarior  coma  o£  the  laternl  ventricle,  termeii  the 

'■Kobnoidal  lebp  on  its  internal  nepcct  is  seen  to  end  in  a  hook 
jb).    Tbc  notch  round  wbioh  it  curves  is  continued  up  and 
niate  or  hippocampal  ruIchb  :  thia  flssure  naderlics  the  pro- 
hippocAmpua  icajor  within  the  brain.    There  arc  three  int«mnl 
ital  cniiToIutioiin,  of  which  the  BU[ieribr  and  iiifcrioc  ones  ara 
larked,  the  middle  one  genemllf  te^ia  bo. 

idary  of  the  soperior  tcmporo-oecipitnl  convolution, 
/■y.  259." 

THE  CEBEBBAL  COBTEX. 
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Stmotnre. — The  cortical  greg  mailer  of  tho  brain  consiate  of 
five  lajera  (Meynert)  (fig.  260). 

1.  Superficial    layer  witli    abua-  pig_  260.* 
dance  of  neuroglia  and  a  few  small 
multipolar  ganglion-cells. 

2.  A  large  number  of  closely 
packed  small  ganglion-colls  of 
pyramidal  shape. 

3.  The  moat  important  layer,  and 

the  thickest  of  all :  it  contains  many 

large  pyramidal  ganglion-cells,  each 

with  a  process  running  off  from  the 

apex  vertically  towards  the  free  sur- 
face,  and  lateral  processes  at   the 

baae    which    arc    always   branched. 

Also  a  median  process  from  tho  base 
of  each  cell  which  is  unbrauchcd  and 
becomes  continuous  with  the   axis- 

CE^linder  of  a  nerve-fibre. 

4.  Numerous  gauglion-cells: 
termed  the  "  granular  formation  " 
fcjr  Meynert. 

5  Spindle-shaped  aud  branched 
^w^nglinnjglla  of  moderate  size  ar- 
K-i^uiged  chiefly  parallel  to  the  free 
svxrface  (vide  fig,  z6o). 

The  whxU  matter  of  tiie  brain,  as 

of     the    spinal    cord,    consists    of 

t>«AiidleB  of  medullated,  and,  in  the 

•^-^ighbourhood  of  the  grey  matter, 

of  noD-medullated  nerve-fibres,  which 

**^  held  together  by  delicate  conncc- 

Uve  tissue.     The  size  of  the  fibres 

<^C   the  brain   is  usually  less  than 

*'^t    of   the    fibres    of  the   spinal 

L       Cord:   the  average  diameter  of  the  former  being  about -j-j^^o  of 

I     Anmch. 


*  Fig.  lia   Tbe  lajen  of  tha  cortical  gre;  matWi  of  the  cerebrum  (U.«Si«.iV\. 
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Chemioal  Composition. — The  chemistiy  of  nerve  and  nerve 
cells  has  been  chiefly  studied  in  the  brain  and  spinal  cord.  Nerve 
matter  contains  several  albuminous  bodies  (cerebrin,  lecithin,  and 
some  others),  also  fatty  matter,  which  can  be  extracted  by  ether 
(including  cholesterin),  and  various  salts,  especially  phosphates  of 
Potassium  and  Magnesium,  which  exist  in  larger  quantity  than 
those  of  Sodium  and  Calcium.  Yolk  of  egg  resembles  cerebral 
substance  very  closely  in  its  chemical  composition  3  milk  and 
muscle  also  come  very  near  it. 

An  important  point  to  be  noted  in  the  composition  of  nerve-matter,  is  the 
proportion  of  water  it  contains,  which  to  some  extent  is  an  index  of  its 
activity.  White  matter  contains  about  70  per  cent.,  while  grey  matter  con- 
tains as  much  as  86  per  cent.,  i.e,,  a  considerably  larger  proportion  than  the 
blood.  Moreover,  brain-substance  in  children  is  considerably  more  watcix 
than  in  adults.  Brain-matter  has  also  a  great  power  of  taking  up  water,  an< 
can  even  double  its  bulk  by  imbibition. 

Functions. — (i.)  The  Cerebral  hemispheres  are  the  organs  by""?*^^ 
which  are  perceived  those  clear  and  more  impressive  sensation^^  -^ 
which  can  be  retained,  and  regarding  which  we  can  judge.  (2.)riC  — 
The  Cerebrum  is  the  organ  of  the  will,  in  so  far  at  least  as  each^'^  "•' 
act  of  the  will  requires  a  deliberate,  however  quick  determination.^ 
(3.)  It  is  the  means  of  retaining  impressions  of  sensible  things,*^ 
and  reproducing  them  in  subjective  sensations  and  ideas.  (4.)  It 
is  the  medium  of  all  the  higher  emotions  and  feelings,  and  of  the- 
faculties  of  judgment,  understanding,  memor}',  reflection,  indnc-- 
tion,  imagination,  and  the  like. 

Evidence  regarding  the  physiology  of  the  cerebral  hemispheres 
has  been  obtained,  as  in  the  case  of  other  parts  of  the  nervous 
system,  from  the  study  of  Comparative  Anatomy,  from  Pathology^ 
and  from  Experiments  on  the  lower  animals. 

The  chief  evidences  regai'ding  the  functions  of  the  Cerebral 
hemispheres  derived  from  these  various  sources,  are  briefly  these : 
— I.  Any  severe  injury  of  them,  such  as  a  general  concussion, 
or  sudden  pressure  by  apoplexy,  may  instantly  deprive  a  man  of 
all  power  of  manifesting  externally  any  mental  faculty.  2.  In 
the  same  general  proportion  as  the  higher  mental  ^Giculties 
are  developed  in  the  Vertebrate  animals,  and  in  man  at  different 
ages  and  in  diflerent  individuals,  the  more  is  the  size  of  the 
cerebral  hemispheres  developed  in  comparison  with  the  rest  of 
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the  cerebro-spiual  syateiu.  3.  No  other  part  of  the  1 
system  bears  a  corrospondiiig  proportion  to  the  development  of 
the  meatal  faculties.  4.  Congenital  and  other  morbid  defects 
of  the  cerebral  hemisphere  are,  in  general,  accompanied  by 
corresponding  deficiency  in  the  range  or  power  of  the  intellectual 
faculties  and  the  higher  instincts.  5.  Removal  of  the  cerebral 
hemispheres  in  one  of  the  lower  animals  produces  effects  corre- 
sponding with  what  might  be  anticipated  from  the  foregoing 
*  &cta  The  aiiimal,  although  retaining  sensation,  and  the  power 
of  performing  even  complicated  reflex  acts,  remains  in  a  state  of 
stupor,  and  performs  no  voluntary  movement  of  any  kind.  (See 
below.) 

The  grcftt  relatiTC  and  absolule  size  ot  the  cerebral  hi 
adult  man,  maeks  to  a  great  extent  the  real  airangc- 
3iient  of  the  several  parts  of  the  brain,  which  ie 
illustrated  in  the  two  accompoajiug  diagranm. 

From  these  it  is  apparent  that  the  parts  of 
•the  brain  are  disposed  in  a  linear  series,  ag  follows 
(from  before  backwards)  :  olfactory  lobes,  ccrc- 
liral  hemispheres,  optic  Ihalami,  and  third  ren- 
'Kricle,  corpora  quadrigemino.  or  optic  lobes,  cere- 
liellum,  medullB  ubloogata. 

This  linear  arrangement  of  parts  actuotlj 
vccius  in  the  human  fcettu  (see  Cluipter  on 
Developnient),  and  it  is  permanent  in  some  of 
the  lower  Vertebratn,  e.g.,  Fisbes,  in  which  the 
v^eiebral  hemispheres  are  represented  by  a  pair 
«^  ganglia  intenening  between  the  olfactory 
Vnd  the  optic  lobes,  and  cooaidcrablf  smaller 
"tliaii  the  latter.  In  Amphibia  the  cerebral  lobes 
■u«  fmther  developed,  and  are  larger  than  an; of  Mbi 
t^M  Other  ganglia. 

In  Beptilea  and  Birds  the  cerebral  ganglia 
lilrf"  a  still  farther  development,  and  in  Ham- 
*^pi{»  the  cerebral  atmospheres  exceed  in  weight 
mil  the  rest  of  the  braio.  As  we  ascend  the  scale, 
tte  relative  ncc  of  the  ccrebnun  increases,  till 
in  the  higher  apes  and  maa  the  hemispheres, 
irtiich  commenced  as  two  little  lateral  buds  from 
tlie  anterior  cerebral  vesicle,  have  grown  upwards 
tod  backwards,  completely  covering  in  and  hiding 
bom  view  all  the  rest  ot  the  brain.  At  the  same 
«1  the  biain,  in  man;  lower  Mammalia,  snch  aa  1 
tlie  labyrinth  of  convolutions  ot  the  human  brain. 

'  Big.  361.     Diagrunmatic  hoti^oatal  section  of  a  Tertebiate  brain.     The 
,       JfuTt*  itrre  butli/or  OvU  and  the  nai  diagram,     Mb,  mid  brain  ;  what  Uea 
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Weight  of  the  Brain. — ^Tbe  brain  of  an  adult  man  weighs  from  48  to  so 01. 
— or  about  3  lbs.  It  exceeds  in  absolute  weight  that  of  all  the  lower  animals 
except  the  elephant  and  whale.  Its  weight,  relatively  to  that  of  the  bodf,  is 
only  exceeded  by  that  of  a  few  small  birds  and  some  of  the  smaller  monkeysL 
In  the  adult  man  it  ranges  from  ^ — j^  of  the  body- weight. 


Fig,  262.  • 


VariatioilS, — Aye. — In  a  new-bom  child  the  brain  (weighing  10 — 140c.) 
is  ^  of  the  body- weight.  At  the  age  of  7  years  the  weight  of  the  brain 
already  averages  40  oz.,  and  about  14  years  the  brain  not  unfrequeutly 
reaches  the  weight  of  48  oz. 

Beyond  the  age  of  40  years  the  weight  slowly  but  steadily  declines  at  the 
rate  of  about  i  oz.  in  10  years. 

Sex. — The  average  weight  of  the  female  brain  is  less  than  the  male  ;  and 
this  difference  persists  from  bii-th  throughout  life.  In  the  adult  it  amounts 
to  about  5  oz.  Thus  the  average  weight  of  an  adult  woman's  brain  is  aboat 
44  oz. 

Intelligence. — The  brains  of  idiots  are  generally  much  below  the  aven^, 
some  weighing  less  than  16  oz.  Still  the  facts  at  present  collected  do  not 
warrant  more  than  a  very  general  statement,  to  which  there  arc  numerous 
exceptions,  that  the  brain  weight  corresiionds  to  some  extent  with  the 
degree  of  intelligence.  There  can  be  little  doubt  that  the  complexity  and 
depth  of  the  convolutions,  which  indicate  the  area  of  the  grey  matter  of  the 
cortex,  correspond  with  the  degree  of  intelligence  (R.  Wagner). 

Weight  of  the  Spinal  Cord. — The  spinal  cord  of  man  weighs  from  i — ij 


in  front  of  this  is  the  fore-,  and  what  lies  behind,  the  hind-brain  ;  Lt^  lamina 
terrainalis  ;  Olf  olfactory  lobes ;  Jim}),  hemispheres;  TJi.Ef  thalamencephalon; 
Pn,  pineal  gland  ;  /*//,  pituitary  body  ;  FM^  foramen  of  Munro  ;  «,  corpus 
striatum  ;  Th,  optic  thalamus  ;  CC,  cnim  eei-ebri  :  the  mass  lying  above  the 
canal  represents  the  corpora  quadrigemina  ;  Cb,  cerebellum  ;  / — IX.,  the  nine 
pairs  of  cranial  nerves ;  i,  olfactory  ventricle ;  2,  lateral  ventricle  ;  3,  thini 
ventricle ;  4,  fourth  ventricle  ;  -f- ,  iter  a  tertio  ad  quartum  ventricnlam 
(Huxley). 

*  Fig.  262.  Longitudinal  and  vertical  diagrammatic  section  of  a  VcriehraU 
brain.  Letters  as  before.  Lamina  terminalis  is  represented  by  the  stroDg 
black  linejoining  Pn  and  Py  (Huxley). 
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ox. ;  its  weight  idatiTEly  to  the  bntin  is  aboat  i  :  36.  As  we  descEnd  the 
scale,  this  ratio  constantly  incicnBcs  till  io  the  mouse  it  is  1  : 4.  In  cold- 
blooded animals  the  relation  is  rcTcrecd,  the  spinal  cord  is  t^e  heaviei  uid 
the  more  important  organ.     In  Ihc  nent,  z  :  i ;  and  in  the  lamprey,  75  :  i. 

DUtinetive  Ckaraetert  of  t^  IlHman  Brain, 

The  following  characters  ilistiugnisb  Ihe  brain  of  man  and  apesfrom  tho«e 
of  all  other  animals. 

(n).  The  rudimentary  condition  o£  the  olfactory  lobes. 
(i).  A  perfectly  deQued  Gssare  of  Sylvius. 


^«).  A  poeterior  lobe  completely  covering  the  cerebellum. 

C^.  The  presence  of  porterior  coman  in  the  iatcrnl  Tcntriclcs  (Grafiolct). 

^he  most  distinctive  points  in  the  human  brain,  ds  contrasted  with  that  of 

'  I).  Tbe  macb  greater  size  and  treigbt  of  the  vholc  brain.  The  brain  of 
"'^'Ul-gTown  gorilla  weighs  only  about  15  oz.,  which  is  less  than  J  (he  weight 
^^  tfae  homan  adult  male  brain,  and  barely  exceeds  that  of  the  human  infant 


Fig.  363.  Brain  of  tho  Oraog,  J  naturnl  sfze,  showing  the  arrangement 
"'  tie  convolutions.  Sy,  fiesure  of  Sylvius ;  R,  fiasiiro  of  Bolando ;  S  F, 
*rt<m«l  perpendicular  Bssurc  ;  0//,  ollactory  lobe  ;  Cb,  cerebeilum ;  F  V, 
V^  Vurolii  ;  if  0,  medulla  obloDgata.     As  contrasted  with  the  liuman  brain, 

ItAe  liuntal  lobe  is  short  and  small  relatively,  tho  fissure  of  SylviUd  is  oblii)Ue, 
Uxtcmporo-sphenoidal  lobe  very  prominent,  and  the  external  perpendicular 
taue  very  well  marked  (Gratiolet). 
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(2).  The  much  greater  complexity  of  the  convolutions,  especially  the 
existence  in  the  human  brain  of  tertiary  convolutions  in  the  sides  of  the 
fissures. 

(3).  The  greater  relative  size  and  complexity,  and  the  blunted  qusd* 
rangular  contour  of  the  frontal  lobes  in  man,  virhich  are  relatively  both 
broader,  longer,  and  higher,  than  in  apes. 

In  apes  the  frontal  lobes  project  keel-like  (rostrum)  between  the  olfactory 
bulbs. 

(4).  Tlie  much  greater  prominence  of  the  temporo-sphenoidal  lobe  in  apes. 

(5).  The  fissure  of  Sylvius  is  nearly  horizontal  in  man,  while  in  apes  it 
slants  considerably  upwards. 

(6).  The  distinctness  of  the  external  perjxjndicular  fissure,  which  in  apes 
is  a  well-defined  almost  vertical  **  slash,"  while  in  man  it  is  almost  obscured 
by  the  annectcnt  gyri  (RoUeston). 

Most  of  the  above  points  are  shown  in  the  accompanying  figure  of  the 
brain  of  the  Orang. 

Effects  of  the  Bemoval  of  the  Cerebrum. — The  remoTal 
of  the  cerebrum  in  the  lower  animals  appears  to  reduce  them  U> 
the  condition  of  a  mechanism  without  spontaneity.  A  pigeon 
from  which  the  cerebrum  has  been  removed  will  remain  motion- 
less and  apparently  unconscious  unless  disturbed.  When  disturbed 
in  any  way  it  soon  recovers  its  former  position ;  when  thrown  into 
the  air  it  flies. 

In  the  case  of  the  frog,  when  the  cerebral  lobes  have  been 
removed,  the  animal  appears  similarly  deprived  of  all  power  of 
spontaneous  movement.  But  it  sits  up  in  a  natural  attitude, 
breathing  quietly ;  when  pricked  it  jumps  away  ;  when  thrown 
into  the  water  it  swims  ;  when  placed  upon  the  palm  of  the  band 
it  remains  motionless,  although,  if  the  hand  be  gradually  tilted 
over  till  the  frog  is  on  the  point  of  losing  his  balance,  he  will 
crawl  up  till  he  regains  his  equilibrium,  and  comes  to  be  percW 
quite  on  the  edge  of  the  hand.  This  condition  contrasts  witn 
that  resulting  from  the  removal  of  the  entire  brain,  leaving  ot>X! 
the  spinal  cord ;  in  this  case  only  the  simpler  reflex  actions  ca» 
take  place.  The  frog  does  not  breathe,  he  lies  flat  on  the  ti^** 
instead  of  sitting  up ;  when  thrown  into  a  vessel  of  water  he  sin** 
to  the  bottom ;  when  his  legs  are  pinched  he  kicks  out,  but  doe* 
not  leap  away. 

TTnilateral  action. — Respecting  the  mode  in  which  the  b!*^ 
discharges  its  functions,  there  is  no  evidence  whatever.  But  1^ 
appears  that,  for  all  but  its  highest  intellectual  acts,  one  of 
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cerebral  hemispheres  is  sufficient.  For  numerous  cases  ore 
recorded  in  which  no  mental  defect  was  observed,  although  one 
cerebral  hemisphere  was  so  disorganised  or  atrophied  that  it  could 
not  be  supposed  capable  of  discharging  its  functions.  The  remain- 
ing hemisphere  was,  in  these  cases,  adequate  to  the  functions 
generally  discharged  by  both ;  but  the  mind  does  not  seem  in  any 
of  these  cases  to  have  been  tested  ia.  very  high  intellectual 
exercises;  so  that  it  is  not  certain  that  one  hemisphere  will  suffice 
for  these.  In  general,  the  mind  combines,  as  one  sensation,  the 
impressions  which  it  derives  from  one  object  through  both  hemi- 
spheres, and  the  ideas  to  which  the  two  such  impressions  give  rise 
are  single. 

In  relation  to  common  sensation  and  the  effort  of  the  will,  the 
impressions  to  and  from  the  hemispheres  of  the  brain  are  carried 
across  the  middle  line ;  so  that  in  destruction  or  compression  of 
either  hemisphere,  whatever  effijcts  are  produced  in  loss  of  sensa- 
tion or  voluntary  motion,  are  observed  on  the  side  of  the  body 
opposite  to  that  on  which  the  brain  is  injiurcd. 

lK>cali8ation  of  fiinotions. — In  speaking  of  the  cerebral  hemi- 
spheres as  the  so-called  oi^ans  of  the  mind,  they  have  been 
regarded  as  if  they  were  single  organs,  of  which  all  parts  are 
equally  appropriate  for  the  exercise  of  each  of  the  mental  faculties. 
Bat  it  is  possible  that  each  faculty  has  a  special  portion  of  the 
brain  appropriated  to  it  as  its  proper  organ.     For  this  theory  the 
piincipal  evidences  are  as  follow : — i.  That  it  is  in  accordance 
with  the  physiology  of  the  other  compound  organs  or  systems  in 
the  body,  in  which  each  part  has  its  special  function ;  as,  for 
example,  of  the  digestive  system,  in  which  the  stomach,  liver,  and 
other  organs  perform  each  their  separate  share  in  the  general 
pixxsess  of  the  digestion  of  the  food.     2.  That  in  different  indivi- 
tlnals  the  several  mental  functions  are  manifested  in  very  different 
degrees*      Even    in   early  childhood,   before   education    can    be 

• 

iioagined  to  have  exercised  any  influence  on  the  mind,  children 

^hibit  various   dispositions — each   presents    some   predominant 

propensity,  or  evinces  a  singular  aptness  in  some  study  or  pursuit; 

•*rf  it  is  a  matter  of  daily  observation  that  every  one  has  his 

t^culiar  talent  or  propensity.     But  it  is  difficult  to  imagine  how 

^  could  be  the  case,   if  the  manifestation  of  each  faculty 

^opended  on  the  whole  of  the  brain :  different  conditions  of  the 
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night  afl'eot  the  miud  generally,  depreaaing  or  esatt- 
iiictioiia  in  au  equal  degree,  but  could  not  penuit  one 
e  etrougly  and  another  weakly  manifested.     3.  The 
jr^-niiH  ia  the  braiji  is  supported  by  the  phenomena  of 
)(  mental  doraugenient.     It  ia  not  uauid  for  all  the 
ties  iu  an  insane  peraon  to  be  equally  disordered ;  it 
B  that  tho  etrcngth  of  some  is  increased,  wliile  that  of 
liniahed  ;  and  in  many  cuses  one  function  only  of  the 
nged,  while  all  the  i-est  are  perfoi-mcd  in  a  natural 
The  same  opinion  ia  enpported  by  the  fact  that  the 
«1  fttcnlties  are  developed  to  their  gi-eateat  strength  at 

thers  only  iu  adult  ago  ;  and  that,  as  their  energy 
old  age,  there  is  not  a  gradual  and  equal  diminution 
ill  of  them  at  once,  but,  on  tho  contrary,  a  diminution 
lore,  while  others  retain  their  full  strength,  or  even 
ower.     5.  The  plurality  of  cerebral  organs  appears  to 
by  the  ]ihenomeua  of  dreams,  in  which  only  a  port  of 
faculties  are  at  rest  or  asleep,  while  the  others  are 
it  is  presumed,  ai-e  exercised  throii^-li  the  mcdiimi  of 
(b^^raiiMipiijtmriate^^lien^^^^^^^^^^^^ 
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and  thus  the  mental  process  is  at  once,  with  the  memory  of  what 
has  gone  before,  completed. 

Again,  in  the  vain  endeavour  to  solve  a  difficult  or  it  may  be  an 
easy  problem,  the  reasoner  is  frequently  in  the  condition  of  a 
man  whose  wearied  muscles  could  never,  before  they  have  rested, 
overcome  some  obstacles.  In  both  cases,— of  brain  and  muscle, 
4&fter  renewal  of  their  textures  by  rest,  the  task  is  performed  so 
3«pidly  as  to  seem  instantaneous. 

Aphasia. — From  the  apparently  greater  frequency  of  inter- 
ference with  the  faculty  of  speech  in  disease  of  the  left  than  of  the 
w^IU  half  of  the  cerebrum,  it  has  been  thought  that  the  nerve- 
czentre  for  language,  including  in  this  term  all  articulate  expression 
z>f  ideas,  is  situated  in  the  left  cerebral  hemisphere.  A  large 
z^umber  of  cases  are  on  record  in  which  apluisia,  or  the  loss  of 
:^K)wer  of  expressing  ideas  in  words,  has  been  associated  with 
K^isease  of  the  posterior  part  of  the  lower  or  third  frontal  convolu- 
-Kon  on  the  left  side  (Hughlings  Jackson,  Broca).  This  condition 
as  usually  associated  with  paralysis  of  the  right  side  (right  hemi* 
»3egia).  The  only  conclusion,  however,  which  can  be  drawn  from 
ds,  is,  that  the  integrity  of  this  particular  convolution  is  essential 
the  faculty  of  speech ;  we  cannot  conclude  that  it  is  necessarily 
le  centre  for  language.  It  may  be  only  one  link  in  the  complete 
tin  of  nervous  connections  necessary  for  the  translation  of  an 

into  articulate  expression. 
It  seems  highly  probable  that  the  corresponding  right  convo- 
■'^'iftion  can  take  on  the  same  functions  as  the  left ;  and  it  is  in  thia 
^•^^y  that  we  can  explain  those  cases  in  which  recovery  of  speech 
■^►fces  place,  though  the  left  frontal  convolution  still  remains 
■•-^Maaed, 

Nothing  is  known  of  the  function  of  the  pineal  and  pituitary 
**«*Jid8.  They  have  been,  indeed,  supposed  by  some  to  be  rather 
^'^^ctless  glands  than  nervous  organs  (p.  404). 

^ESzperimental  localisations. — Quite  recently,  attempts  have 
sn  made  to  localise  cerebral  functions  by  means  of  experimenta 
^^  the  lower  animals. 

It  had  long  been  well-known  that   the  cerebral  hemisphere* 

^\dd  not  be  excited  by  mechanical,  chemical,  or  thermic  stimuli, 

*^^t  Fritsch  and   Hitzig  were  the  first  to  show  that  they  are 

*iiieiiable  to  electric  irritation.     They  employed  a  weak  constant 


L 


['-■' 


oun-eiit  in  their  experi- 
ments, applying  ft  pair  of 
fine  olectrodcB  not  moro 
than  -y"/  in.  apart  to  dif- 
ferent porta  of  the  cerebral 
cortex.  The  results  thua 
olitained  have  been  oon- 
firmed  and  extended  by  Dr. 

The  following  are  the 
fundamental  phenomena 
(.iliaerved  in  all  tbeac  eaaea  : 

([).    Excitation    of     the 

'..mil'  spot  is  always  followed 
by  tiiu  game  movement  in 
the  same  animal.  (2).  The 
area  of  excitabilily  for  any 
given  movement  is  ex- 
tremely small,  and  admits 
of  very  aoeiirate  definition. 
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'  Figa.  366  and  267.  DuignLma  of  monkej'H  brain  to  show  the  effects  ol 
flicuthc  atimulntion  of  cirtain  spots,  i,  movement  of  hind  foot ;  3,  cliieRy 
adduction  of  foot ;  3,  movements  of  hind  Toot  and  toil  ;  4,  of  ktiasimoa  dorai ; 
5,  OKtension  forward  of  arm  ;  a,  I,  c,  it,  movements  of  hand  and  wrist ;  6, 
■upiiiation  and  flerion  of  forearm ;  7,  elevation  of  upper  lip  1  8,  conjoint 
action  of  elevation  of  up]ier  lip  and  depression  of  lower ;  9,  opening  of  month 
»nit  protrusion  of  tongue  ;  10,  retraction  of  tongne  ;  11,  action  otplatysma; 
12,  elevation  of  eyebrows  and  eyelids,  dilatation  of  pupils,  and  tarning  hMd 
to  opposite  side  ;  13,  eyes  directed  to  opposite  aide  and  upwatils,  with  nsnally 
controction  of  the  papils ;  13',  simikr  action,  but  eyea  usually  directed  down- 
wards ;  14,  retraction  of  opposite  ear,  head  turns  to  the  opposite  side,  the  eye* 
widely  opened  atid  pupils  dilated ;  15,  itimnlation  of  this  re^oo,  tiVw^ 
corT«s[)ands  to  the  tip  of  the  nncinato  wavobittoii,  evuMA  \MstD&  <A  *f&»'^ 
and  nostril  of  the  iMtne  aide  (Ferrier). 
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uling  results  (Biirdou-SaDdorBon). 

ma  definite   moveraenta    resultiug  from   the   electric 

of  circiimBcribed   areas  uf  the   eerebral   cortex,  ara 

in  tbe  description  of  the  Hccomponying  figures  of  the 

ikcy's  brain. 

io  of  the  dog,  the  rcBults  obtained  are  summed  up  as 

litzig. 

portion  (anterior)  of  tlio  convexity  of  the  cerebrum  is 

ther  portion    (posterior)  is  non-motor,     (i).  Eleclrie 

of  the  motor  portion  produces  co-ordinated  muscular 

on  the  oi)posite  side  of  the  body.     (c).  With  very 

ts,  the  contractions  produced  are  distinctly  limited  to 

■oiips  of  miiBcles  ;  with  stronger  currents  the  stimulus 

:iited  to  other  muscles  of  the  same  or  neighbouring 

The  portions  of  tlae  brain  intervening  between  these 

■s  are  iuei^itable  by  similar  means. 

ird  to  the  facts  above  mentioned,  all  experimenters 

mt  there  is  still  considerable  diversity  of  opinion  as  to 
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any  erideut  mental  defect,  or  with  only  such  as  might  be  ascribed 
to  coincident  afiectiona  of  other  parts,  make  it  probable  that  the 
office  which  is  commonly  assigned  to  it,  of  enabling  the  two  sides 


"■  the  brain  to  act  in  concord,  is  exercised  only  in  the  highest  acts 
*"  »hich  the  mind  is  capable.     And  this  view  is  confirmed  by  the 


Tig.  36S.     View  of  tbe  corpus  catlov 


1  aboTe.     J. — The  npper 


'  hemiaphwes  and  throwing  thera  to  ths  aide  ;  the  gyros  fonacatru  has 
"*»  detaehed,  and  the  transverae  fibres  of  tbe  corpus  caUostun  traced  for 
*^  dittance  into  tbe  cerebral  medullary  substance,  i,  the  upper  surface  of 
r'^.eoTpus  callosam  ;  2,  median  furrow  or  raphe ;  3,  longitudinal  atriffi  honnd- 
'^  the  furrow  ;  4,  swelling  fonned  by  the  transrerse  bands  as  they  pass  into 
""  cewbnun ;  5,  anterior  extremity  or  knee  of  the  corpus  coUosnm  ;  6, 
f^'^Rior  extremity  ;  7,  anteiior,  and  8,  posterior  part  of  the  mass  of  fibres 
^'''Nediiig  from  the  corpus  callosum  ;  9,  margin  of  the  swelling  ;  la,  anterior 
)W  of  tbe  cDDTolntiaa  of  the  corpus  callosum ;  1 1,  hem  or  baud  of  onion  of 
'''ii  coDToliition  ;  13,  internal  coDVolntlons  of  ths  parietal  lobe  ;  13,  npper 
^ftte  of  the  cenbeUnm  (Sappsy  after  FoTille). 
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very  late  period  of  its  development,  and  by  its  very  rudimentaiy 
condition  (Flower)  in  all  but  the  placental  Mammalia,* 

To  the  fornix  and  other  commissures  no  special  function  can  be 
assigned  ;  but  it  is  a  reasonable  hypothesis  that  they  connect  the 
action  of  the  parts  between  which  they  are  severally  placed. 

Sleep. 

All  parts  of  the  body  which  are  the  seat  of  active  change 
require  periods  of  rest.     The  alternation  of  wori^  and  rest  is  a 
necessary  condition   of  their  maintenance  and  of  the  healthy 
performance  of  their  functions.     These  alternating  periods,  how- 
ever, differ  much  in   duration  in  different  cases ;   but,  for  any 
individual  instance,  they  preserve  a  general  and  rather  close 
uniformity.    Thus,  as  before  mentioned,  the  periods  of  rest  and 
work,  in  the  case  of  the  heart,  occupy,  each  of  them,  about  half  ft 
second ;  in  the  case  of  the  ordinary  respiratory  muscles  the  periods 
are  about  four  or  five  times  as  long.     In  many  cases,  again  (as  of 
the  voluntary  muscles  during  violent  exercise)  while  the  periods 
during  active  exertion  alternate  very  frequently,  yet  the  expendi- 
tiure  goes  far  ahead  of  the  repair,  and,  to  compensate  for  this,  an 
after  repose  of  some  hours  becomes  necessary ;  the  rhythm  being 
less  perfect  as  to  timey  than  in  the  case  of  the  muscles  concerned 
in  circulation  and  respiration. 

Obviously,  it  would  be  impossible  that,  in  the  case  of  the  Brain> 
there  should  be  short  periods  of  activity  and  repose,  or  in  other 
words,  of  consciousness  and  unconsciousness.  The  repose  xnn^ 
occur  at  long  intervals ;  and  it  must  therefore  be  proportionately 
long.  Hence  the  necessity  for  that  condition  which  we  call  Slf^f 
a  condition  which  seeming  at  first  sight  exceptional,  is  only  8^ 
imusually  perfect  example  of  what  occurs,  at  varying  intervals,  m 
every  actively  working  portion  of  our  bodies. 

A  temporary  abrogation  of  the  functions  of  the  cerebrun» 
imitating  sleep,  may  occur,  in  the  case  of  injiuy  or  disease,  as  the 
consequence  of  two  apparently  widely  different  conditions.    ^^ 


•  See  cases  of  congenital  deficiency  of  the  corpus  callosum,  by  Sir  J.  PNr 
and  Mr.  Henry  in  the  twenty-ninth  and  thirty-first  volumes  of  the  Medici 
Chirorgical  Transaotions. 
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»ilitj  is  equally  produced  by  a  deficient  and  an  exeemve 
ity  of  blood  within  the  cranium,  (coma) ;  but  it  was  once 
Bed  that  the  latter  offered  the  truest  analogy  to  the 
d  condition  of  the  brain  in  sleep,  and  in  the  absence  of 
roof  of  the  contrary,  the  brain  was  said  to  be  during  sleep, 
ted.  Direct  experimental  enquiry  has  led,  however,  to  the 
ite  conclusion. 

exposing,  at  a  circumscribed  spot,  the  surface  of  the  brain 
Ing  animals,  and  protecting  the  exposed  part  by  a  watch- 
Mr.  Durham  was  able  to  prove  that  the  brain  becomes 
f  paler  (amemic)  during  sleep ;  and  the  ansomia  of  the 
disc  during  sleep,  observed  by  Dr.  Hughlings  Jackson, 
«  taken  as  a  strong  confirmation,  by  analogy,  of  the  same 

rery  little  consideration  will  show  that  these  experimental 
i  correspond  exactly  with  what  might  have  been  foretold  from 
alogy  of  other  physiological  conditions.  Blood  is  supplied  to 
ain  for  two  partly  distinct  purposes,  (i.)  It  is  supplied  for 
autrition's  sake.  (2.)  It  is  necessary  for  bringing  supplies  of 
;ial  or  active  enei^,  (i.^.,  combustible  matter  or  heat)  which 
16  transformed  by  the  cerebral  corpuscles  into  the  various 
stations  of  nerve-force.  During  sleep,  blood  is  requisite  for 
he  first  of  these  piurposes;  and  its  supply  in  greater  quantity 

be  not  only  useless,  but,  by  supplying  an  excitement  to 
when  rest  is  needed,  would  be  positively  harmfuL  In  this 
t  the  varying  circulation  of  blood  in  the  brain  exactly 
bles  that  which  occurs  in  all  other  energy  transforming  parts 

body  ;  e.g.,  glands  or  muscles, 

the  same  time,  it  is  necessary  to  remember  that  the  normal 

ia  of  the  brain  which  accompanies  sleep  is  probably  a  result 

lot  a  cause  of  the  quiescence  of  the   cerebral  functions. 

the  immediate  cause  of  this  periodical  partial  abrogation  of 

on  is,  however,  we  do  not  know. 

onambtiliBm  and  Dreams. — What  wc  term  steep  occurs 

in  very  different  degrees  in  different  parts  of  the  nervous 

1 ;  and  in  some  parts  the  expression  cannot  be  used  in  the 

xy  flense. 

\  phenomena  of  dreams  and  somnambulism  are  examples  of 

Dg  degrees  of  sleep  in  different  parts  of  the  cerebro-spinal 

K  K  ^ 


548  THE   NERVOUS   SYSTEM.  [chap.  rrni. 

nervous  system.  In  the  former  case  the  cerebrom  is  still  par- 
tially active ;  but  the  mind-products  of  its  action  are  no  longer 
corrected  by  the  reception,  on  the  part  of  the  sleeping  sensorium, 
of  impressions  of  objects  belonging  to  the  outer  world;  neither 
can  the  cerebrum,  in  this  half-awake  condition,  act  on  the  centres 
of  reflex  action  of  the  voluntary  muscles,  so  as  to  cause  the  latter 
to  contract — a  fact  within  the  painful  experience  of  all  who  have 
suffered  from  nightmare. 

In  somnambiilism  the  cerebrum  is  capable  of  exciting  that  train 
of  reflex  nervous  action  which  is  necessary  for  progression,  vhile 
the  nerve-centre  of  muscular  seme  (in  the  cerebellum  1)  is,  presum- 
ably, fully  awake ;  but  the  sensorium  is  still  asleep,  and  impressions 
made  on  it  are  not  sufi&ciently  felt  to  rouse  the  cerebrum  to  ft 
comparison  of  the  difference  between  mere  ideas  or  memories  and 
sensations  derived  from  external  objects. 


Physiology  of  the  Cranial  Nerves. 

The  cranial  nerves  are  commonly  enumerated  as  nine  pai^J 
but  the  number  is  in  reality  twelve,  the  seventh  nerve  consisting 
as  it  does,  of  two  nerves,  and  the  eighth  of  three.  All  an* 
(superficial  origin)  from  the  base  of  the  encephalon,  in  a  douU^ 
series  which  extends  from  the  under  surface  of  the  antenor 
cerebral  lobes  to  the  lower  end  of  the  medulla  oblongata.  Trt^*^ 
into  the  substance  of  the  brain  and  medulla,  the  roots  of  ^ 
nerves  are  found  connected  with  various  masses  of  grey  matter» 
which  are  all  connected  one  with  another,  and  with  the  oerehrft* 
hemispheres. 

The  roots  of  the  olfactory  tracts  are  connected  deeply  with  tb^ 
cortex  of  the  anterior  cerebral  hemisphere,  and  probably  wit** 
the  corpora  striata  also.  The  optic  nerves  can  be  traced  '^^ 
the  optic  thalami,  corpora  quadrigemina,  and  corpora  genic^' 
lata.  The  third  and  fourth  nerves  arise  from  grey  ma^ 
beneath  the  corpora  quadrigemina ;  and  the  roots  of  origin  ^ 
the  remainder  of  the  cranial  nerves  can  be  traced  to  grey  matt^ 
in  the  medulla  oblongata  beneath  the  floor  of  the  fourth  ^' 
tricle,  and  in  the  more  central  part  of  the  medulla,  around  ^^ 
central  canal,  as  low  down  as  the  decussation  of  the  pyramids. 
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According  to  their  several  functions,  the  cranial  nerves  may 
be  thus  arranged : — 

Nerves  of  special  sense    .    Olfactory,  optic,  auditory,  part  of  the  glosso- 
pharyngeal, and  of  the  lingual  branch  of  the 
fifth. 
„  of  common  sensation  .    The  greater  portion  of  the  fifth. 

„  of  motion Third,  fourth,  lesser  division  of  the  fifth,  sixth, 

facial,  and  hypoglossal. 
Mixed  nerves      ....    Glossopharyngeal,    pneumogastric,    and    spinal 

accessory. 


The  physiology  of  the  several  nerves  of  the  special  senses  will 
be  considered  with  the  organs  of  those  senses. 

Functions  of  the  Third  Nerve. — The  third  nerve,  or  motor 
MnUiy  supplies  the  levator  paJpebrso  superioris  muscle,  and,  of  the 
oiuscles  of  the  eye-ball,  all  but  the  superior  oblique  or  trochlearis, 
:o  which  the  fourth  nerve  is  appropriated,  and  the  rectus  extemus 
Krhich  receives  the  sixth  nerve.  Through  the  medium  of  the 
>phthalmic  or  lenticular  ganglion,  of  which  it  forms  what  is  called 
^e  short  root,  it  also  supplies  motor  filaments  to  the  iris  and 
uliary  muscle. 

When  the  third  nerve  is  irritated  within  the  skull,  all  those 

zmscles  to  which  it  is  distributed  are  convulsed.     When  it  is 

Mndysed  or  divided,  the  following  effects  ensue  :  (i),  the  upper 

iydid  can  be  no  longer  raised  by  the  elevator  palpebrse,   but 

b>oop8  (ptosis)  and  remains  gently  closed  over  the  eye,  under  the 

Unbalanced  influence  of  the  orbicularis    palpebrarum,  which  is 

applied  by  the  facial  nerve  :  (2),  the  eye  is  tiuned  outwards 

.QCKtemal  strabismus)  by  the  unbalanced  action  of   the  rectus 

8'X:temus,  to  which  the  sixth  nerve  is  appropriated :  and  hence, 

OfOm  the  irregularity  of  the  axes  of  the  eyes,  double-sight  is  often 

^I>erienced  when  a  single  object  is  within  view  of  both  the  eyes : 

(3),  the  eye  cannot  be  moved  either  upwards,  downwards,  or 

^^rards  :  (4),  the  pupil  becomes  dilated  (mydriasis),  and  insensible 

^  light :  (5),  the  eye  cannot  "  accommodate  "  itself  for  vision  at 

^Wt  distances. 

Contraction  and  Dilatation  of  the  Pupil. — The  relation 
^  the  third  nerve  to  the  iris  is  of  peculiar  interest.  In  ordinaiy 
^icamstances  the  contraction  of  the  iris  is  a  reflex  action,  which 


irritutiou  uf  ir^  ilialal   iiuitioii  will 
thciriu. 

The  contraction  of  the  iris  thus 
reflex  act,  and  in  ordinary  caaes  re 
the  optio  nerve,  corpora  quadrigem 
babl;  also,  considering  the  peouli 
action,  of  the  ophthalmic  ganglion, 
contract  their  pupils  under  the 
falling  only  on  one  retina  or  under 
Thus,  in  amaurosiB  of  one  eye,  ita 
other  eye  is  exposed  to  a  stronger  1 
traction  of  each  of  the  pupils  appe 
to  the  total  quantity  of  light  which 
.  retime,  according  as  one  or  both  eye 

The  iris  acts  also  in  aaeociatiot 
supplied  by  the  third  nerve :  tbu 
inwards,  or  upwards  and  inwards,  b] 
distributed  in  the  rectus  intemus 
contracts,  as  if  under  direct  volunta: 
however,  act  on  the  iris  alone  tbrou] 
aptness  to  contract  in  association  wi 
by  the  third,  may  bo  sufficient  to  m 
nees  and  insenRibnit«f  "f  *i>"  —'--- 
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further  remarks  on  the  contraction  and  dilatation  of  the  pupil, 
see  p.  679), 

Funotions  of  Fourth  Kerve* — The  fourth  nerve,  or  Nenms 
trochlearis  or  patheticus,  is  cxclusivelj  motor,  and  supplies  only  the 
trochlearis  or  obliquus  superior  muscle  of  the  eyebalL 

Functions  of  the  Fifth  or  Trigeminal  Kerve.— The  fifth 
or  trigeminal  nerve  resembles,  as  already  stated,  the  spinal  nerves, 
in  that  its  branches  are  derived  through  two  roots ;  namely,  the 
larger  or  sensory^  in  connection  with  which  is  the  Gasserian 
ganglion,  and  the  smaller  or  Tuotor  root  which  has  no  ganglion, 
and  which  passes  under  the  ganglion  of  the  sensory  root  to  join 
the  third  branch  or  division  which  issues  from  it.  The  first  and 
second  divisions  of  the  nerve,  which  arise  wholly  from  the  larger 
root,  are  purely  sensory.  The  third  division  being  joined,  as 
l)eforc  said,  by  the  motor  root  of  the  nerve,  is  of  course  both 
motor  and  sensory. 

(a.)  Motory  Functions. — ^Through  branches  of  the  lesser  or 
nou-ganglionic  portion  of  the  fifth,  the  muscles  of  mastication, 
namely,  the  temporal,  masseter,  two  pterygoid,  anterior  part  of 
the  digastric,  and  mylo-hyoid,  derive  their  motor  nerves.  Fila- 
ments arc  also  supplied  to  the  tensor  tympani  and  tensor 
palati. 

Proofs  of  its  Motory  Functions. — The  motor  function  of  these  . 
branches  is  proved  by  the  violent  contraction  of  all  the  muscles  of  mas- 
tication in  experimental  irritation  of  the  third  or  inferior  maxillary 
division  of  the  nerve ;  by  paralysis  of  the  same  muscles,  when  it 
la  divided  or  disorganised,  or  from  any  reason  deprived  of  power ; 
and  by  the  retention  of  the  power  of  these  muscles,  when  all 
tbose  supplied  by  the  facial  nerve  lose  their  power  through  para- 
lysis of  that  nerve.     The  last  instance  proves  best,  that  though 
tke  buccinator  muscle  gives  passage  to,  and  receives  some  fila- 
lUents  from,  a  buccal  branch  of  the  inferior  division  of  the  fifth 
*ierve,  yet  it  derives  its  motor  power  from  the  facial,  for  it  is 
paralysed  together  with  the  other  muscles  that  are  supplied  by  the 
facial,  but  retains  its  power  when  the  other  muscles  of  mastication 
*J^  paralysed.     Whether,  however,  the  branch  of  the  fifth  nerve 
which  is  supplied  to  the  buccinator  muscle  is  entirely  sensory,  or 
ux  part  motor  also,  must  remain  for  the  present  doubtful.     From 
^  flBM^  that  this  muscle,  besides  its  other  functions,  acts  in 
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concert  or  harmony  withthemuscleaof  maaticatioD,  io  keeping  tlie 
food  between  the  teeth,  it  might  be  supposed  from  analogy,  that  it 


would  have  a  motor  branch  from  the  same  nerve  thatauppli    ^ 
them.     There  can  be  no  doubt,  however,  that  the  so-called  hac*^ 


*  Fig.  269.  Grnenil  plan  of  the  brauihei  of  Ihe  fifth  pHir(ttftera  sketch  **' 
SirCharle.'i  Bell),  i-— i,  lessor  root  of  the  fifth  pair;  2,  greatfiT  root  p«««i*^ 
forwards  into  the  Gasserian  ganglion  ;  3,  placed  on  the  bone  aboTe  '^ 
ophthalmic  nerve,  whicli  is  seen  diriding  into  tha  anpraorbitaJ,  lachtym^^ 
aud  nasal  branches,  the  latter  connected  with  the  ophthalmic  gonglioD  ;  ^_ 
placed  on  the  bone  close  to  the  foramen  rotnndum,  marks  the  superior  matf^ 
larj  division,  which  is  connected  below  with  the  spheno-palatino  gan^*?*^ 
and  passes  forwards  to  the  infraorbital  foramen  ;  S,  placed  on  the  bone  oV** 
the  foramen  ovale,  marks  the  inferior  maxillary  nerve,  giving  off  the  snter**' 
auricnlar  and  niuscular  branches,  acd  continued  by  the  inferior  dental  to  tP 
lower  jaw,  and  hy  the  gustatory  to  the  tongue ;  a,  the  aubmarillary  ^ii»»*' 
the  Bulimaxillary  ganglion  plac»d  above  it  in  connection  with  the  gnstati^'' 
narve  ;  6,  the  chorda  tympani ;  7,  the  facial  nerve  issuing  from  the  b^I"" 
mastoid  foramen. 
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branch  of  the  fifth  is,  in  the  main,  sensory ;  although  it  is  not 
quite  certain  that  it  does  not  give  a  few  motor  filaments  to  the 
buccinator  muscle. 

(b.)  Sensory  Functions. — ^Through  the  branches  of  the  greater 
or  ganglionic  portion  of  the  fifth  nerve,  all  the  anterior  and  antero- 
lateral parts  of  the  face  and  head,  with  the  exception  of  the  skin 
of  the  parotid  region  (which  derives  branches  from  the  cervical 
spinal  nerves),  acquire  common  sensibility;  and  among  these  parts 
may  be  included  the  organs  of  special  sense,  from  which  common 
sensations  are  conveyed  through  the  fifth  nerve,  and  their 
special  sensations  through  their  several  nerves  of  special 
•stense.  The  muscles,  also,  of  the  face  and  lower  jaw  acquire  mus- 
cular sensibility  through  the  filaments  of  the  ganglionic  portion 
of  the  fifth  nerve  distributed  to  them  with  their  proper  motor 
aarves. 

Proofs  of  its  Sensory  Functions. — The  sensory  function 
^  "the  branches  of  the  greater  division  of  the  fifth  nerve  is 
foved,  by  all  the  usual  evidences,  such  as  their  distribution  in 
**'t^  that  are  sensitive  and  not  capable  of  muscular  contraction, 
^^  exceeding  sensibility  of  some  of  these  parts,  their  loss  of 
iUsQttion  when  the  nerve  is  paralyzed  or  divided,  the  pain 
ithout  convulsions  produced  by  morbid  or  exjxirimental  irrita- 
^ori  of  the  trunk  or  branches  of  the  nerve,  and  the  analogy 
f  t^xiB  portion  of  the  fifth  to  the  posterior  root  of  the  spinal 
^erve. 

Other  functions :  (2)  In  relation  to  muscular  movements,  the 

^^'^Jiches  of  the  greater  or  ganglionic  portion  of  the  fifth  nerve 

^^crcise  a  manifold  influence  on  the  movements  of  the  muscles  of 

*^^  head  and  face,  and  other  parts  in  which  they  are  distributed. 

*hey  *do  so,  in  the  first  place  (a),  by  providing  the   muscles 

^^©mselves  with  that  sensibility  without  which  the  mind,  being 

^conscious  of  their  position  and  state,  ctuinot  voluntarily  exer- 

^^^  them.     It  is,  probably,  for  conferring  this  sensibility  on  the 

***^le8,  that  the  branches  of  the  fifth   nerve  communicate  so 

^^uently  with   those    of  the    facial   and  hypoglossal,  and  the 

'^•iTes  of  the  muscles  of  the  eye  ;  and  it  is  because  of  the  loss  of 

^  sensibility  that  when  the  fifth  nerve  is  divided,  animals  are 

always  slow  and  awkward  in  the  movement  of  the  muscles  of 
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tho  face  and  head,  or  hold  them  stilly  or  guide  their  moye- 
ments  by  the  sight  of  the  objects  towards  which  they  wish  to 
move. 

AgaiDy  the  fifth  uerve  has  an  indirect  influence  on  the  muscular 
movcmcuts,  by  (h)  conveying  sensations  of  the  state  and  position 
of  the  skiu  and  other  parts :  which  the  mind  perceiving,  is 
enabled  to  determine  appropriate  acts.  Thus,  when  the  iifih 
nerve  or  its  infra- orbital  branch  is  divided,  the  moTements  of 
the  lips  in  feeding  may  cease,  or  be  imperfect. 

Sir  C.  Bell  supposed  that  the  motion  of  the  upper  lip  in  grasp- 
ing food  depended  directly  on  the  infra-orbital  nerve ;  for  he  found 
that,  after  he  had  divided  that  nerve  on  both  sides  in  an  ass,  it  no 
longer  seized  the  food  with  its  lips,  but  merely  pressed  them 
against  the  gi*ound,  and  used  the  tongue  for  the  prehension  of  the 
food.  Mr.  Mayo  corrected  this  error.  He  found,  indeed,  that 
after  the  infra-orbital  nersx  had  been  divided,  the  animal  did  not 
seize  its  food  with  the  lip,  and  could  not  use  it  well  during  masti- 
cation, but  that  it  could  open  the  lips.  He,  therefore,  justly 
attributed  the  phenomena  in  Sir  C.  Bell's  experiments  to  the  los* 
of  sensation  in  the  lips ;  the  animal  not  being  able  to  feel  the 
food,  and,  therefore,  although  it  had  the  power  to  seize  it,  not 
knowing  how  or  where  to  use  that  power. 

The  fifth  nei-vc  has  also  (c),  an  intimate  connection  with  mus- 
cular movements  through  the  many  reflex  acts  of  muscles  of 
which  it  is  the  necessary  excitant.  Hence,  when  it  is  divided 
and  can  no  longer  convey  impressions  to  the  nervous  centres  to 
be  thence  reflected,  the  irritation  of  the  conjvmctiva  produces  ^ 
closure  of  the  eye,  the  mechanical  irritation  of  the  nose  excites  no 
sneezing. 

Through  its  ciliary  branches  and  the  branch  which  forms  the 
long  root  of  the  ciliary  or  ophthalmic  ganglion,  it  exercises  J^ 
(d)y  some  influence  on  the  movements  of  the  iris. 

When  the  trunk  of  the  ophthalmic  portion  is  divided,  the  p^r 
becomes,  according  to  Valentin,  contracted  in  men  and  rabbits 
and  dilated  in  cats  and  dogs ;  but  in  all  cases,  becomes  immoTfthl® 
even  under  all  the  varieties  of  the  stimulus  of  light.  How  th* 
fifth  nerve  thus  afiects  the  iris  is  unexplained ;  the  same  effect 
are   produced   by  destruction  of  the  superior  cervical  ganglion 
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le  sympathetic^  so  that,  possibly,  they  are  due  to  the  injury 
bose  filaments  of  the  sympathetic  which,  after  joining  the 
k  of  the  fifth,  at  and  beyond  the  Gasserian  ganglion,  proceed 
the  branches  of  its  ophthalmic  division  to  the  iris ;  or,  as 
R.  Hall  ingeniously  suggests,  the  influence  of  the  fifth  nerve 
be  movements  of  the  iris  may  be  ascribed  to  the  affection  of 
•n  in  consequence  of  the  disturbed  circulation  or  nutrition  in 
retina,  when  the  normal  influence  of  the  fifth  nerve  and 
ry  ganglion  is  disturbed.  In  such  disturbance,  increased  cir- 
tion  making  the  retina  more  irritable  might  induce  extreme 
taction  of  the  iris;  or,  under  moderate  stimulus  of  light, 
ucing  partial  blindness,  might  induce  dilatation :  but  it  does 
stppear  why,  if  this  be  the  true  explanation,  the  iris  should 
ther  case  be  immovable  and  imaffeoted  by  the  various  degrees 
jht 

)  Trophic  influence. — Furthermore,  the  morbid  efiects  whibh 
lion  of  the  fifth  nerve  produces  in  the  organs  of  special  sense, 
e  it  probable  that,  in  the  normal  state,  the  fifth  nerve  exer- 
1  some  trophic  influence  on  all  these  organs;  although,  in 
,  the  effect  of  the  section  of  the  nerve  is  only  indirectly 
ractive  by  abolishing  sensation,  and  therefore  the  natural  safe- 
d  which  leads  to  the  protection  of  parts  from  external  injury. 
I,  after  such  division,  within  a  period  varying  from  twenty- 
hours  to  a  week,  the  cornea  begins  to  be  opaque ;  then  it 
r%  completely  white  ;  a  low  destructive  inflammatory  process 
es  in  the  conjunctiva,  sclerotica,  and  interior  parts  of  the  eye ; 
within  one  or  a  few  weeks,  the  whole  eye  may  be  quite  dis- 
nised,  and  the  cornea  may  slough  or  be  penetrated  by  a  large 
r.  The  sense  of  smell  (and  not  merely  that  of  mechanical 
Qition  of  the  nose),  may  be  at  the  same  time  lost,  or  gravely 
lired ;  so  may  the  hearing,  and  commonly,  whenever  the  fifth 
e  is  paralysed,  the  tongue  loses  the  sense  of  taste  in  its 
rior  and  lateral  parts,  i.e.,  in  the  portion  in  which  the  lingual 
natatory  branch  of  the  inferior  maxillary  division  of  the  fifth 
istributed. 

At  complete  paralysis  of  the  fifth  ncnrc  may  be  unaccompanied,  at  least, 
I  considerable  period,  bj  injury  to  the  organs  of  special  sense,  with  the 
ption  of  that  portion  of  the  tongue  which  is  supplied  by  its  gustatory 
ch,  is  well  illustrated  by  a  valuable  case  recorded  by  Dr.  Althaus. 
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(4)  In  relation  to  Taste, — The  loss  of  the  sense  of  taste  is  no 
doubt  duo  (a)  to  the  lingual  branch  of  the  fifth  nerve  being  a^ 
nerve  of  special  sense  ;  partly,  also,  it  is  due  (6),  to  the  fact  that^ 
this  branch  supplies,  in  the  anterior  and  lateral  parts  of  th^ 
tongue,  a  necessary  condition  for  the  proper  nutrition  of  that> 
part ;  while  (c),  it  forms  also  one  chief  link  in  the  nervous  circte 
for  reflex  action,  in  the  secretion  of  saliva  (p.  280).     But,  defer- 
ring this  question   until  the  glosso-pharyngeal  nerve   is   to  bes 
considered,  it  may  be  observed   that  in  some  brief  time   after^ 
complete  paralysis  or  division  of  the  fifth  nerve,  the  power  of  alB- 
the  organs  of  the  special  senses  may  be  lost ;  they  may  lose  not^^ 
merely  their  sensibility  to  common  impressions,  for  which  they 
depend  directly  on  the  fifth  nerve,  but  also  their  sensibility 
their  several  peculiar  impressions  for  the  reception  and  conducti< 
of  which  they  are  purposely  constructed  and  supplied  with  speci 
nerves  besides  the  fifth.     The  facts  observed  in  these  cases  *  can 
perhaps,  be  only  explained  by  the  influence  which  the  fifth  nervi 
exercises  on  the  nutritive  processes  in  the  organs  of  the  specie 
senses.     It  is  not  unreasonable  to  believe,  that,  in  paralysis  of  th_      e 
fifth  nerve,  their  tissues  may  be  the  seats  of  such  changes  as  ai_      e 
seen  in  the  laxity,  the  vascular  congestion,  oedema,  and  oth^   — r 
affections  of  the  skin  of  the  face  and  other  tegumentary 
which  also  accompany  the   paralysis ;   and  that  these  cl 
which  may  appear  unimportant  when  they  aflect  external  parfcr  ^ 
are  sufficient  to  destroy  that  refinement  of  structure  by  which  tXi^e 
organs  of  the  special  senses  aro  adapted  to  their  functions. 


According  to  Magendie  and  Longet,  destruction  of  the  eye  ensaes  m<:>^ 
quickly  after  division  of  the  trunk  of  the  fifth  beyond  the  Gasserian  gaiigli*=^» 
or  after  division  of  the  ophthalmic  branch,  than  after  division  of  the  rootEs  « 
the  fifth  between  the  brain  and  the  ganglion.  Hence  it  would  appear"  *^ 
if  the  influence  on  nutrition  were  conveyed  in  part  through  the  filame^*^^ 
of  the  sympathetic,  which  join  the  branches  of  the  fifth  nerve  at  and  bcyo*" 
the  Gasserian  ganglion. 

The  existence  of  ganglia  of  the  sympathetic  in  connection  with  all  ^*^ 
principal  divisions  of  the  fifth  nerve  where  it  gives  oflE  those  branches  ^l*-*f^ 
supply  the  organs  of  special  sense — for  example,  the  connection  of  *^ 
ophthalmic  ganglion  with  the  ophthalmic  nerve  at  the  origin  of  the  c^i^-^^ 
nerves  ;  of  the  spheno-palatine  ganglion  with  the  superior  maxillary  divi«i^^ 


*  Two  of  the  best  cases  are  published,  with  analysis  of  others,  by  ^-^  ' 
Dixon,  in  the  Medico-Cfunirgical  TranatutUma^  vol.  xxviii 
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rhere  it  gives  its  branches  to  the  nose  and  the  palate ;  of  the  otic  ganglion 
rith  the  inferior  maxillary  near  the  giving  off  of  filaments  to  the  internal 
ar ;  and  of  the  snb-maxillary  ganglion  with  the  lingual  branch  of  the  fifth 
—all  these  connections  suggest*  that  a  peculiar  and  probably  conjoint  in- 
laence  of  the  sympathetic  and  fifth  nerves  is  exercised  in  the  nutrition  of  the 
>T);raiis  of  the  special  senses  ;  and  the  results  of  experiment  and  disease  con- 
irm  this,  by  showing  that  the  nutrition  of  the  organs  may  be  impaired  in 
onsequence  of  impairment  of  the  power  of  either  of  the  nerves. 

(5)  In  relation  to  Sight, — A  possible  but  doubtful  connection 
>etween  the  fifth  nerve  and  the  sense  of  sight,  has  been  thought 
0  be  shown  in  cases  in  which  blows  or  other  injuries  implicating 
he  frontal  nerve  as  it  passes  over  the  brow,  are  followed  by  total 
)lmdness  in  the  corresponding  eye.  In  some  cases  the  blindness 
occurs  at  once,  probably  from  concussion  of  the  retina ;  but  in 
others  it  is  very  slowly  progressive,  as  if  from  defective  nutrition 
>f  the  retina,  and  may  be  accompanied  with  inflammatory  dis- 
fti^ganisation,  like  that  previously  referred  to  (p.  555).*  The 
xnmection  of  the  fifth  nerve  with  the  result  must,  however,  be 
onsidered  very  doubtful. 

Fanotions  of  the  Sixth  Nerve. — The  sixth  nerve,  Nervus 
ibdncens  or  ocularis  extcmus,  is  also,  like  the  fourth,  exclusively 
notor,  and  supplies  only  the  rectus  extemus  muscle. 

The  rectus  extemus  is  convulsed,  and  the  eye  is  turned  out- 
fards,  when  the  sixth  nerve  is  irritated  ;  and  the  muscle  is  para- 
yaed  when  the  nerve  is  divided.  In  all  such  cases  of  paralysis, 
he  eye  squints  inwards,  and  cannot  be  moved  outwards. 

In  its  course  through  the  cavernous  sinus,  the  sixth  nerve 
onoA  larger  communications  with  the  sympathetic  nerve  than 
jiy  other  nerve  within  the  cavity  of  the  skull  does.  But  the 
tnport  of  these  communications  with  the  sympathetic,  and  the 
iibeequent  distribution  of  its  filaments  after  joining  the  sixth 
Lcnre,  are  quite  unknown. 

Fanotions  of  the  Seventh  or  Facial  Nerve. — The  facial,  or 
^orUo  dura  of  the  seventh  pair  of  nerves,  is  the  motor  nerve  of  all 
Ike  muscles  of  the  face,  including  the  platysma,  but  not  including 
Oy  of  the  muscles  of  mastication  already  enumerated  (p.  274) ;  it 
t^pplies,  also,  the  parotid  gland,  and  through  the  connection  of  its 


^  Such  a  case  is  recorded  by  Snabilie  in  the  Nederlandsch  Lancet,  August, 
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trunk  with  the  Vidian  nerve,  by  the  petrosal  nerves,  some  of  the 
muscles  of  the  soft  palate,  probably  the  levator  pelati  and  azygoe 
uvulae ;  by  its  tympanic  branches  it  supplies  the  stapedius  and  laxator 
tympani,  and,  through  the  otic  ganglion,  the  tensor  tympani ; 
through  the  chorda  tymjxmi  it  sends  branches  to  the  submaxiUaty 
gland  and  to  the  lingualis  and  some  other  muscular  fibres  of  the 
tongue;  and  by  branches  given  off  before  it  comes  upon  the 
face,  it  supplies  the  muscles  of  the  external  ear,  the  posterior 
part  of  the  digastricus,  and  the  stylo-hyoideus. 

Besides  its  motor  influence,  the  facial  is  also,  by  means  of  the 
fibres  which  are  supplied  to  the  submaxillary  and  parotid  glands, 
a  secretory  nerve.  For,  through  the  last-named  branches,  impres- 
sions may  be  conveyed  which  excite  increased  secretion  of  saliva 
(p.  280). 

Symptoms  of  ParalyaLs  of  Facial. — ^When  the  facial  nerve 
is  divided,  or  in  any  other  way  paralysed,  the  loss  of  power  in 
the  muscles  which  it  supplies,  while  proving  the  nature  and 
extent  of  its  functions,  displays  also  the  necessity  of  its  perfection 
for  the  perfect  exercise  of  all  the  organs  of  the  special  senses. 
Thus,  in  paralysis  of  the  facial  nerve,  the  orbicularis  palpebrarum, 
being  powerless,  the  eye  remains  open  through  the  unbalanced^ 
action  of  the  levator  palpebrte ;  and  the  conjunctiva,  thu!^ 
continually  exposed  to  the  air  and  the  contact  of  dust,  is  liabk 
to  repeated  inflammation,  which  may  end  in  thickening 
opacity  of  both  its  own  tissue  and  that  of  the  cornea.  Thi 
changes,  however,  ensue  much  more  slowly  than  those  whicE=^^ 
follow  paralysis  of  the  fifth  nerve,  and  never  bear  the  sami^*^ 
destructive  character. 

The   sense   of  hearing,  also,   is   impaired  in  many   cases  0*==^^ 
paralysis  of  the  facial  nerve ;  not  only  in  such  as  are  ii 
of  simultaneous  disease  in  the  auditory  nerves,  but  in  such 
may  be  explained  by  the  loss  of  power  in  the  muscles  of  th-  -^® 
internal  ear.     The  sense  of  smell  is  commonly  at  the  same  tim-  ^-^^ 
impaired  through  the  inability  to  draw  air  briskly  towards  th*' 
upper  part  of  the  nasal  cavities,  in  which  part  alone  the  ol&etoi 
nerve  is  dirtributed ;  because,  to  draw  the  air  perfectly  in 
direction,  the  action  of  the  dilators  and  compressors  of  the  nostriL — ^ 
should  be  perfect. 

Lastly,  the  sense  of  taste  is  impaired,  or  may  be  wholly  1< 
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in  paralysis  of  the  facial  nerve,  provided  the  source  of  the 
paralysis  be  in  some  part  of  the  nerve  between  its  origin  and  the 
giving  oflf  of  the  chorda  tympani.  This  result,  which  has  been 
observed  in  many  instances  of  disease  of  the  facial  nerve  in  man, 
appears  explicable  by  the  influence  which,  through  the  chorda 
tympani,  it  exercises  on  the  movements  of  the  lingualis  and  the 
adjacent  muscular  fibres  of  the  tongue ;  and  on  the  process  of 
secretion  of  saliva. 

Together  with  these  effects   of  paralysis  of  the  facial  nerve, 

the  muscles  of  the  face   being   all  powerless,  the  countenance 

acquires  on  the  paralysed  side  a  characteristic,  vacant  look,  from 

the  absence  of  all  expression  :  the  angle  of  the  mouth  is  lower, 

and  the  paralysed  half  of  the  mouth  looks  longer  than  that  on 

the  other  side;    the  eye  has  an    unmeaning   stare.      All   these 

peculiarities  increase,  the  longer  the  paralysis  lasts;   and  their 

appearance  is  exaggerated  when  at.  any  time  the  muscles  of  the 

opposite  side  of  the  face  are  made  active  in  any  expression,  or  in 

any  of  their  ordinary  functions.      In   an   attempt  to  blow  or 

whistle^  one  side  of  the  mouth  and  cheek  acts  properly,  but  the 

other  side  is  motionless,  or  flaps  loosely  at  the  impulse  of  the 

expired  air;   so  in  trying  to  suck,  one  side  only  of  the  mouth 

&ct8 ;    in  feeding,  the  lips  and   cheek   arc   powerless,  and  food 

lodges  between  the  cheek  and  gum. 

:Piinotion8  of  the  G-loBso-Pharyngeal  Nerve. — The  glosso- 
pliarjngeal  nerves  (16,  flg.  270),  in  the  enumeration  of  the  cere- 
In-al  nerves  by  numbers  according  to  the  position  in  which  they 
ive  the  cranium,  are  considered  as  divisions  of  the  eiglUh  pair  of 
r,  in  which  term  are  included  with  them  the  pneumogastric 
accessory  nerves.  But  the  union  of  the  nerves  imder  one 
is  inconvenient,  although  in  some  parts  the  glosso-pharyn- 
9c)^l  and  pneumogastric  are  so  combined  in  their  distribution 
*^*ftt  it  is  impossible  to  separate  them  in  either  their  anatomy  or 
Physiology. 

The  glosso-pharyngeal  nerve  gives  filaments  through  its  tym- 

P^Jiio  branch   (Jacobson's    nerve),   to  the    fenestra   ovalis,   and 

^'leatra  rotunda,  and  the  Eustachian  tube ;  also,  to  the  carotid 

Wexus,  and,  through  the  petrosal  nerve,  to  the  spheno-palatine 

^^Jiglion.     After  communicating,  either  within  or  without  the 

^'^mn,  with  the  pneumogastric,  and  soon  after  it  leaves  the 
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cranium,  with  the  sympathetic,  digastric  branch  of  the  facial, 
and  the  accessory  nerve,  the  glosso-phaiyngeal  nerve  parts  into 
the  two  principal  divisions  indicated  by  its  name,  and  supplies 
the  mucous  membrane  of  the  posterior  and  lateral  walls  of  the 
upper  part  of  the  pharynx,  the  Eustachian  tube,  the  arches  of  the 
palate,  the  tonsils  and  their  mucous  membrane,  and  the  tongue 
as  far  for^'ards  as  the  foramen  caecum  in  the  middle  line,  and  to 
near  the  tip  at  the  sides  and  inferior  part. 

The  glosso-pharyngeal  nerve  contains  some  motor  fibres,  to- 
gether with  those  of  common  sensation  and  the  sense  of  taste. 

I.  The  muscles  which  receive  filaments  from  the  glosso-phaiyn- 
geal  are  the  stylo-pharj-ngei,  palato-glossi,  and  superior  constrictor 
muscles. 

Besides  being  (2)  a  nerve  of  common  sensation  in  the  parts 
which  it  supplies,  and  a  centripetal  nerve   through  which  im- 
pressions are  conveyed  to  be  reflected  to  the  adjacent  muscles, 
the  glosso-pharyngeal  is  also  a  nerve  of  special  sensation ;  being 
the  gustatory  nerve,  or  nerve  of  taste,  in  all  the  parts  of  the 
tongue  and  palate  to  which  it  is  distributed.     After  many  discus- 
sions, the  question,  Which  is  the  nerve  of  taste  1 — the  liugusl 
branch  of  the  fifth,  or  the  glosso-pharyngeal  1 — may  be  most  pro- 
bably answered  by  stating  that  they  are  both  nerves  of  this 
special  function.     For  very  numerous  eiperiments  and  cases  bate 
shown  that  when  the  trunk  of  the  fifth  nerve  or  its  lingual  branch 
is  paralysed  or  divided,  the  sense  of  taste  is  completely  lost  in 
the   superior  surface   of  the  anterior  and  lateral  parts  of  the 
tongue.     The  loss  is  instantaneous  after  division  of  the  nerve; 
and,  therefore,  cannot  be  ascribed  to  the  defective  nutrition  of  th* 
part,  though  to  this,  perhaps,  may  be  ascribed  the  more  compWe 
and  general  loss  of  the  sense  of  taste  when  the  whole  of  the  fifth 
nerve  has  been  pai-alysed. 

But,  on  the  other  hand,  while  the  loss  of  taste  in  the  part  ^ 
the  tonguo  to  which  the  lingual  branch  of  the  fifth  nerfB  ^ 
distributed  proves  that  to  be  a  gustatory  nerve,  the  fiwt  that  the 
sense  of  taste  is  at  the  same  time  retained  in  the  posterior  and 
postero-lateral  parts  of  the  tongue,  and  in  the  soft  palate  and  it* 
anterior  arch,  to  which  (and  to  some  parts  of  which  eiclusively) 
the  glosso-pharyngeal  is  distributed,  proves  that  this  also  must  be 
a  gustatory  nerve. 
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Distribution  of  Pneuxnogastrio  Nerve. — The  pneumogastric 
nerve,  nervus  vagus,  or  par  vagum  (i,  fig.  270),  has,  of  all  the 
cranial  and  spinal  nerves,  the  most  various  distribution,  and 
influences  the  most  various  functions,  either  through  its  own  fila- 
ments, or  those  which,  derived  fi'om  other  nerves,  are  mingled  in 
its  branches. 

The  parts  supplied  by  the  branches  of  the  vagus  nerve  are  as 
follows :  by  its  pharyngeal  branches,  which  enter  the  pharyngeal 
plexus,  d  large  portion  of  the  mucous  membrane,  and,  probably, 
all  the  muscles  of  the  Pharynx ;  by  the  superior  laryngeal  nerve, 
the  mucous  membrane  of  the  under  surface  of  the  Epiglottis,  the 
Glottis,  and  the  greater  part  of  the  Larynx,  and  the  crico-thyroid 
muscle ;  by  the  inferior  laryngeal  nerve,  the  mucous  membrane 
and  muscular  fibres  of  the  Trachea,  the  lower  part  of  the  pharynx 
and  larynx,  and  all  the  muscles  of  the  larynx  except  the  crico- 
thyroid ;  by  oesophageal  branches,  the  mucous  membrane  and 
muscular  coats  of  the  CEsophagus.  Moreover,  the  branches  of  the 
vagus  form  a  large  portion  of  the  supply  of  nerves  to  the  Heart 
and  the  great  Arteries  through  the  cardiac  nerves,  derived  from 
both  the  trunk  and  the  recurrent  nerve ;  to  the  Lungs,  through 
both  the  anterior  and  the  posterior  pulmonary  plexuses ;  and  to 
the  Stomach,  by  its  terminal  branches  passing  over  the  walls  of 
that  organ ;  while  branches  are  also  distributed  to  the  Liver  and 
to  the  Spleen. 

Conunuxiicationa  of  the  Vagaa. — Throughout  its  whole  course,  the 
^igos  contains  both  sensory  and  motor  fibres ;  but  after  it  has  emerged  from 
the  skull,  and,  in  some  instances  even  sooner,  it  enters  into  so  many  anas- 
tomoses that  it  is  hard  to  say  whether  tho  filaments  it  contains  are,  from 
*heir  origin,  its  own,  or  whether  they  arc  derived  from  other  nerves  com- 
hiiiing  with  it.  This  is  particularly  the  case  with  the  filaments  of  the  symjMi- 
^hetic  nerve,  which  are  abundantly  added  to  nearly  all  its  branches.  The 
^^keness  to  the  sympathetic  which  it  thus  acquires  is  further  increased  by  its 
<^taiiung  many  filaments  derived,  not  from  the  brain,  but  from  its  own 
^^^'^(M&i  ganglia,  in  which  filaments  originate,  in  the  same  manner  as  in  the 
8^1ia  of  the  sympathetic,  so  abundantly  that  the  trunk  of  the  nerve  is 
^^ly  larger  below  the  ganglia  than  above  them  (Bidder  and  Volkmann). 
"^  to  the  sympathetic  nerve,  that  which  most  communicates  with  the 
7*8^  is  the  accessory  nerve,  whose  internal  branch  joins  its  trunk,  and  is 
^init. 

Vonotiona  of  the  Branohea  of  the  Vagna. — ^The   most 
^hable  account  of  the  particular  functions  which  tViQ  \)T^Tv&\i&^ 
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•  FiR,  170.  View  of  tlio  nerves  of  the  eiglith  pair,  their  distribntion  •*" 
connections  on  tlie  left  side  (from  Snppcy  after  Hiraohfdd  and  Leveille).  l" 
I,  pnenmogastrio  nerve  in  the  neck  ;  a,  ganglion  of  it«  tnmk  ;  3,  its  ooii* 
nith  tlie  spinnl  accefuor;  ;  4,  its  union  with  the  bypogloBBal ;  5,  pbwpf^ 
branch  ;  6,  superior  laryngeal  nerve ;  J,  external  larjngoal ;  S,  iup^ 
plcius  ;  9,  inferior  or  recurrent  laryngeBl ;  10,  superior  cardiac  bt»iiei ;  |'' 
middle  cardiac  ;  12,  ]ilexiroriD  ]«irt  of  the  nerve  in  the  thoraj: ;  13,  posiow 
pulmonary  plexus  ;  14,  lingunl  or  giistntory  nerve  of  the  infetior  mtiiD*'? ' 
15,  hypoglossal,  passing  iato  the  muscles  of  the  touguo,  giving  itithjroid-br'' 
branch,  and  uuitiug  nith  twigs  of  the  lingual ;  16,  glosso-pIuurngealBK'^' 
17,  spinal  ftcwsW)rjneiie,iMi\Mvn^Vjittiiincrbnuich  with  the  p     -    -— ' 
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:>f  the  pneumogastric  nerve  discharge  in  the  several  parts  to 
which  they  are  distrihuted,  may    be   drawn    from    Dr.    John 
Reid's  experiments  on  dogs.     They  show  that, — i.  The  pharyti- 
yeal  branch  is  the  principal,  if  not  the  sole  motor  nerve  of  the 
)harynx  and  sofb  palate,  and  is  most  probably  wholly  motor ;  a 
)art  of  its  motor  fibres  being  derived  from  the  internal  branch  of 
he  accessory  nerve.     2.  The  inferior  or  recurrent  laryngeal  nerve 
3  the  motor  nerve  of  the  larynx.      3.  The  superior  laryngeal 
lerve  is  chiefly  sensory :  the  only  muscle  supplied  by  it  being 
he  crico-thyroid.     4.  The  motions  of  the  cesopluxgiu  are  depen- 
ent  on  motor  fibres  of  the  pneimiogastric,  and  are  probably 
Kcited  by  impressions  made  upon  sensitive  fibres  of  the  same. 
.  The  cardiac  branches  of  the  prieimiogastric  nerve   are   one 
at    not  the  sole  channel  through  which  the  influence  of  the 
sntral   oi^gans  and  of  mental  emotions  is  transmitted   to   the 
sort.     6.  The  pulmonary  branches  form  the  principal  but  not 
le  sole  channel  by  which  the  impressions  on  the  mucous  surface 
*  the  longs  that  excite  respiration,  are  transmitted  to  the  medulla 
ilongata. 

The  efltotB  of  section  of  the  vagus  nerves  have   been 
lade  the  subject  of  numerous  experiment& 

Division  of  both  vagi,  or  of  both  their  recurrent  branches,  is 
%en  very  quickly  fatal  in  young  animals ;  but  in  old  animals  the 
ivudon  of  the  recurrent  nerve  is  not  generally  fatiil,  and  that  of 
3th  the  vagi  is  not  always  fatal  (J.  Reid),  and,  when  it  is  so,  the 
aath  ensues  slowly.  This  difference  is,  probably,  because  the 
ielding  of  the  cartilages  of  the  larynx  in  young  animals  permits 
le  glottis  to  be  closed  by  the  atmospheric  pressure  in  inspiration, 
ad  they  are  thus  quickly  sufibcated  unless  tracheotomy  be  per- 
WTBied  (Legallois).  In  old  animals,  the  rigidity  and  prominence 
f  the  arytenoid  cartilages  prevent  the  glottis  from  being  com- 
letdy  closed  by  the  atmospheric  pressure ;  even  when  all  the 
•muscles  are  paralysed,  a  portion  at  its  posterior  part  remains  open, 
^  through  this  the  animal  continues  to  breathe. 

''Jdby  its  outer,  passing  into  the  sterno-mastoid  muscle  ;  18,  second  cervical 
^•'•'e ;  19,  third  ;  20,  fourth  ;  21,  origin  of  the  phrenic  nerve,  22,  23,  fifth, 
•^ft,  Mventh,  and  eighth  cervical  nerves,  forming  with  the  first  dorsal  the 
*idaal  plexus ;  24,  superior  cervical  ganglion  of  the  sympathetic ;  25,  middle 
**ivieid  ganglion  ;  26,  inferior  cervical  ganglion  imitcd  with  the  first  dox^^^ 
^gKon ;  27,  2S,  29,  30,  second,  third,  fourth,  and  fifth  dor^  g;eai^\«i. 

00^ 
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In  the  case  of  slower  death,  after  division  of  both  the  vagi,  the 
lungs  ore  commonly  found  gorged  with  blood,  a>dematou8y  or 
nearly  solid,  or  with  a  kind  of  low  pneumonia,  and  with  their 
bronchial  tubes  full  of  frothy  bloody  fluid  and  mucus,  changes  to 
which,  in  general,  the  death  may  be  proximately  ascribed.     These 
changes  are  due,  perhaps  in  part,  ^o  the  influence  which  the 
nerves  exercise  on  the  movements  of  the  air-cells  and  bronchi ; 
yet,  since  they  are  not  always  produced  in  one  lung  when  its  nerve 
is  divided,  they  cannot  be  ascribed  wholly  to  the  suspension  of 
organic  nervous  influence  (J.  Reid).   Bather,  they  may  be  ascribed 
to  the  hindrance  to  the  passage  of  blood  through  the  lungs,  in 
consequence  of  the  diminished  supply  of  air  and  the  excess  of 
carbonic  acid  in  the  air-celUi  and  in  the  pulmonary  capillaries; 
in  part,  perhaps,  to  paralysis  of  the  blood-vessels,  leading  to  con- 
gestion ;  and  in  part,  also,  as  the  experiments  of  Traube  especially 
show,  they  appear  due  to  the  passage  of  food  and  of  the  various 
secretions  of  the  mouth  and  fauces  through  the  glottis,  which, 
being  deprived  of  its  sensibility,  is  no  longer  stimulated  or  closed 
in  consequence  of  their  contact.     He  says,  that  if  the  trachea  be 
divided  and  separated  from  the  oosophagus,  or  if  only  the  oesopha- 
gus be  tied,  so  that  no  food  or  secretion  from  above  can  pass  down 
the  trachea,  no  degeneration  of  the  tissue  of  the  lungs  will  foUor 
the  division  of  the  pneumogastric  nerves. 


Beferences  to  other  flinotions  of  VagL—Be^arding  the  in- 
fluence of  the  pneumogastric  nerve,  see  also  Heart  (p.  159),  Arteries  (p.  i&)' 
Glottis  (p.  231),  Larynx  (p.  607),  Trachea  and  Bronchi  (p.  224),  "i^^ 
(p.  248),  Pharynx  and  (Esophagus  (p.  287),  Stomach  (p.  306). 

Spinal  Accessory  Nerve. — The  principal  branch  of  the  aoc^ 
soiy  uen^e,  its  external  branch,  supplies  the  stemo-mastoid  «od 
trapezius  muscles ;  and,  though  pain  is  produced  by  irritating  1^ 
is  composed  almost  exclusively  of  motor  fibres.  It  is  very  p*^ 
bable  that  the  accessory  nerve  gives  some  motor  filaments  to  to* 
vagus.  For,  among  the  experiments  made  on  this  point,  iDi^l 
have  shown  that  when  the  accessory  nerve  is  irritated  within  ^ 
skull,  convulsive  movements  ensue  in  some  of  the  muscles  of  "^ 
larynx  ;  all  of  which,  as  already  stated,  are  supplied,  apparentlj» 
by  branches  of  the  vagus ;  and  (which  is  a  very  significant  ^1 
Vrolik  states  t\i^t  m  t\i^  dAm^^anzee  the  internal  branch  of  ^ 
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accessoiy  does  not  join  the  vagus  at  all,  but  goes  direct  to  the 
larynx. 

Among  the  roots  of  the  accessory  nerve,  the  lower,  arising  from 
the  spinal  cord,  appear  to  be  composed  exclusively  of  motor  fibres, 
and  to  be  destined  entirely  to  the  trapezius  and  stemo-mastoid 
muscles;  the  upper  fibres,  arising  from  the  medidla  oblongata, 
contain  many  sensory  as  well  as  motor  fibres. 

Fonotions  of  Hypoglossal  Kerve. — The  hypoglossal  or 
ninth  nerve,  or  motor  lingua!,  has  a  peculiar  relation  to  the 
muscles  connected  with  the  hyoid  bone,  including  those  of  the 
tongue.  It  supplies  through  its  descending  branch  (descendens 
nont),  the  stemo-hyoid,  stemo-thyroid,  and  omo-hyoid ;  through  a 
special  branch  of  the  thyro-hyoid,  and  through  its  lingual  branches 
the  genio-hyoid,  stylo-glossus,  hyo-glossus,  and  genio-hyo-glossus 
and  linguales.  It  contributes,  also,  to  the  supply  of  the  submaxil- 
laiy  gland. 

The  function  of  the  hypoglossal  is  exclusively  motor,  except 
in  so  far  as  its  descending  branch  may  receive  a  few  sensory 
filaments  from  the  first  cervical  nerve.  As  a  motor  nerve,  its 
influence  on  all  the  muscles  enumerated  above  is  shown  by  their 
conynlsions  when  it  is  irritated,  and  by  their  loss  of  power  when 
it  is  paralysed.  The  effects  of  the  paralysis  of  one  hypoglossal 
nerve  are,  however,  not  very  striking  in  the  tongue.  Often,  in 
cases  of  hemiplegia  involving  the  functions  of  the  hypoglossal 
fierve^  it  is  not  possible  to  observe  any  deviation  in  the  direction 
of  the  protruded  tongue  ;  probably  because  the  tongue  is  so  com- 
pact and  firm  that  the  muscles  on  either  side,  their  insertion  being 
iiearly  parallel  to  the  median  line,  can  push  it  straight  forwa^ 
<^  torn  it  for  some  distance  towards  either  side. 

Vnnctions  of  the  Spinal  Nerves. — Little  need  be  added  to 
what  has  been  already  said  of  these  nen'^es  (pp.  500  to  502).  The 
^Jiterior  roots  of  the  spinal  nerves  are  formed  exclusively  of  motor 
^hres ;  the  posterior  roots  exclusively  of  sensory  fibres. 

Beyond  the  ganglia,  all  the  spinal  nerves  are  mixed  nerves,  and 
Contain  as  well  sympathetic  filaments. 

The  Sympathetic  Kerve. — The  general  differences  between 
^  fibres  of  the  cerebrcHspinal  and  sympathetic  nerves  have  been 
4ready  stated  (pp.  466,  469),  but  the  diffei-ent  modes  of  action  of 
tie  two  systems  cannot  be  referred  to  the  different  structMr©  oi  Wira 
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It  is  probable,  however,  that  the  laws  of  conduction  by  the 
are  in  both  systems  the  same,  and  that  the  differences  mani- 

g.  271.  Diagrammatic  view  of  the  Sympathetic  cord  of  the  right  aide, 
g  its  connections  with  the  principal  cerohro-spinal  nerves  and  the  main 
tic  plexuses.    ^.     (From  Quain's  Anatomy.) 

bro^pinal  Tierves, — YI,  a  i)ortion  of  the  sixth  cranial  as  it  passes 
h  the  cavernous  sinus,  receiving  two  twigs  from  the  carotid  plexus  of 
npathetic  nerve ;  O,  ophthabnic  ganglion  connected  by  a  twig  ynth.  the 
.  plexus  ;  M,  connection  of  the  spheno-palatine  ganglion  by  the  Vidian 
^th  the  carotid  plexus ;  C,  cervical  plexus ;  Br,  brachial  plexus  ;  D  6, 
intercostal  nerve ;  D  12,  twelfth ;  L  3,  third  lumbar  nerve  ;  S  i,  first 
nerve;  S  3,  third ;  S  5,  fifth ;  Cr,  anterior  crural  nerve ;  Ci^,  great  sciatic ; 
eomo-gostric  nerve  in  the  lower  part  of  the  neck  ;  r,  recurrent  nerve 
\g  round  the  subclavian  artery. 

pcUhetic  Cord, — c,  superior  cervical  ganglion ;  c',  second  or  middle  ;  c", 
r  :  from  each  of  these  ganglia  cardiac  nerves  (all  deep  on  this  side)  are 
»cending  to  the  cardiac  plexus ;  d  i,  placed  immediately  below  the  first 
sympathetic  ganglion ;  <f  6,  is  opposite  the  sixth ;  I  i,  fii-st  lumbar 
>n ;  eg,  the  terminal  or  coccygeal  ganglion. 

wrtie  and  Visceral  Plexuses. — p  p,  pharyngeal,  and,  lower  down,  laryn- 
lezos ;  J?/,  posterior  pulmonary  plexus  spreading  from  the  pneumo- 
on  the  back  of  the  right  bronchus  ;  c  a,  on  the  aorta,  the  cardiac 
,  towards  which,  in  addition  to  the  cardiac  nerves  from  the  three 
il  sympathetic  ganglia,  other  branches  are  seen  descending  from  the 
o-|ptftric  and  recurrent  nerves ;  co,  right  or  posterior,  and  co\  left  or 
V  coronaiy  plexus ;  0,  oesophageal  plexus  in  long  meshes  on  the  gullet ; 
lat  splanchnic  nerve  formed  by  branches  from  the  fifth,  sixth,  seventh, 
,  and  ninth  dorsal  ganglia ;  + ,  small  splanchnic  from  the  ninth  and 
;  -f-  -I* ,  smallest  or  third  splanchnic  from  the  eleventh :  the  first  and 
.  of  these  are  shown  joining  the  solar  plexus,  s  0  ;  the  third  descending 
renal  plexus,  r  e ;  connecting  branches  between  the  solar  plexus  and  the 
lo-gastric  nerves  are  also  represented  ;  fn\  above  the  place  where  the 
poenmo-gastric  passes  to  the  lower  or  posterior  Surface  of  the  stomach  ; 
le  left  distribated  on  the  anterior  or  upper  surface  of  the  cardiac  portion 
oigan  :  from  the  solar  plexus  large  branches  are  seen  surrounding  the 
8  of  the  coeliac  axis,  and  descending  to  m  5,  the  superior  mesenteric 
I ;  opposite  to  this  is  an  indication  of  the  suprarenal  plexus ;  below  r  c 
ml  plexus),  the  spermatic  plexus  is  also  indiicated ;  a  0,  on  the  front  of 
its,  marks  the  aortic  plexus,  formed  by  nerves  descending  from  the  solar 
ipeiior  mesenteric  plexuses  and  from  the  lumbar  ganglia ;  mi,  the  inferior 
toric  plexus  surrounding  the  corresponding  artery ;  7ty,  hypogastric 
I  placed  between  the  common  iliac  vessels,  connected  above  with  the 
plexus,  receiving  nerves  from  the  lower  lumbar  ganglia,  and  diWding 
into  the  right  and  left  pelvic  or  inferior  hypogastric  plexuses ;  pl^ 
^t  pelvic  plexus ;  from  this  the  nerves  descending  are  joined  by  those 
the  plexus  on  the  superior  hemorrhoidal  vessels,  mVj  by  sympathetic 
I  from  the  sacral  ganglia,  and  by  numerous  visceral  ner>'es  from  the 
and  fourth  sacral  spinal  nerves,  and  there  are  thus  formed  the  rectal, 
1,  and  other  plexuses,  which  ramify  uypn  the  viscera  from  behind 
rds  and  frombdow  upwards,  as  towards  fr,  and  r,  the  rectum  and  bladd«t« 
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fest  in  the  modes  of  action  of  the  systems  are  due  to  the  multipii* 
cation  and  separation  of  the  nervous  centres  of  the  sympathetic : 
ganglia,  or  nerve-centres,  being  placed  in  connection  with  the  fibres 
of  the  sympathetic  in  nearly  all  parts  of  their  course. 

Special  Distribution  of  the  Fibres  of  the  S3rmpathetie 
System. — i.  Fibres  are  distributed  to  all  plain  or  unstriped 
muscular  fibres,  as  those  of  the  blood-vessels  (vaso-motor  nerves), 
of  the  muscular  coats  of  the  intestines  and  other  hollow  viscera,  of 
gland-ducts,  of  the  interior  of  the  eyeball,  and  elsewhere. 

The  vaso-motor  fibres  come  originally  from  the  vasth-motor  centre  in  the 
medulla  oblongata ;  and,  issning  from  the  spinal  cord,  communicate  with 
the  prffi-Ycrtebral  chain  of  ganglia,  and  are  thence,  as  branches  from  thete^ 
distributed  to  the  blood-vessels. 

2.  Fibres  (accelerating)  are  distributed  to  the  Heart. 

3.  Secretory  fibres  (in  addition  to  vaso-motor)  are  distributed 
to  the  salivary,  and  presumably  to  other  secreting  glands. 

4.  Inter-central  or  inter-ganglionic  fibres. 

5.  Centrijyetal  fibres  proceeduig  to  the  vaso-motor  centre  in  the 
medulla ;  to  the  various  sympathetic  ganglia ;  and  probably  to  afl 
cerebro-spinal  nerve-centres. 

The  pertpJieral  distribution  of  these  centripetal  fibres  is,  without 
doubt,  chiefly  in  the  parts  or  organs  to  which  the  centrifu/gal  fibre* 
of  the  same  system  are  mainly  distributed.  But  they  are  alw 
present  in  all  those  other  parts  of  the  body  which  belong  n^^ 
especially  to  the  Cerebro-spinal  system. 

Structure  of  the  Sympathetio  Ganglia;  all  contain-*(i)' 
nerve-fibres  traversing  them ;  (2)  nerve-fibres  originating  in  theioj 
(3),  nerve- or  ganglion-corpuscles,  giving  origin  to  these  fibres) 
and  (4),  other  corpuscles  that  appear  free. 

In  the  sympathetic  ganglia  of  the  frog,  ganglion-cells  of  a  very  codP"" 
cated  structure  have  been  described  by  Beale  and  subsequently  by  Aroolo* 
The  cells  are  enclosed  each  in  a  nucleated  capsule  :  they  are  pyrifonu  ^ 
shape,  and  from  the  pointed  end  two  fibres  are  given  off,  which  gradn^l^y 
acquire  the  characters  of  nerve-fibres  :  one  of  them  is  straight,  and  t^ 
other  (which  sometimes  arises  from  the  cell  by  two  roots)  is  spirally  coi^ 
around  it. 

In  the  trunk,  and  thence  proceeding  branches  of  the  sytup*' 
thetic,  there  appear  to  be  always — (i),  fibres  which  arise  in  ^** 
own  ganglia  \  (2),  fibres  derived  fix)m  the  ganglia  of  the  cerebi** 
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Inal  nerves ;  (3),  fibres  derived  from  the  brain  and  spinal 
ad  transmitted  through  the  roots  of  their  nerves.  The 
cord,  indeed,  appears  to  be  a  large  source  of  the  fibres  of 
apathetic  nerve. 

gh  the  commanlcating  branches  between  the  spinal  nerves  and  the 
tebial  sympathetic  ganglia,  which  have  been  generally  called  roots 
18  of  the  sympathetic  nerve,  an  interchange  is  effected  between  all 
al  nerves  and  the  sympathetic  trunks  ;  all  the  ganglia,  also,  which 
ed  on  the  cerebral  nerves,  have  roots  (as  they  are  called)  through 
ilaments  of  the  cerebral  nerves  are  added  to  their  own.  Bo  that, 
r,  all  sympathetic  nerves  contain  some  intermingled  cerebral  or 
erre-fibres ;  and  all  cerebral  and  spinal  nerves  some  filaments  derived 
i  sympathetic  system  or  from  ganglia.  But  the  proportions  in  which 
unents  are  mingled  are  not  uniform.  The  nerves  which  arise  from 
n  and  spinal  cord  retain  throughout  their  course  and  distribution  a 
erance  of  cerehrO'Spinal  fibres,  while  the  nerves  immediately  arising 
e  so-called  sympathetic  ganglia  probably  contain  a  majority  of 
etie  fibres.  But  inasmuch  as  there  is  no  certainty  that  in  structure 
iches  of  cerebral  or  spinal  nerves  differ  always  from  those  of  the 
letic  system,  it  is  impossible  in  the  present  state  of  our  knowledge  to 
of  the  source  of  fibres  which  from  their  structure  might  lead  the 
to  believe  that  they  arose  from  the  brain  or  spinal  cord  on  the  one 
r  from  the  sympathetic  ganglia  on  the  other.  In  other  words, 
I  the  large  white  meduUated  fibres  are  especially  characteristic  of 
ipinal  nerves,  and  the  pale  or  non-medullated  fibres  of  a  sympathetic 
a  which  they  largely  preponderate,  there  is  no  certainty  to  be 
I  in  a  doubtful  case,  of  whether  the  nerve-fibre  is  derived  from  one 
yther,  from  mere  examination  of  its  structure.  It  may  be  derived 
ber  source. 

otioxifl. — ^With  respect  to  the  fimctions  of  the  Sympathetic 
I  system,  it  may  be  stated  generally  that  the  sympathetic 
bres  are  simple  conductors  of  impressions,  as  those  of  the 
»-spinal  system  are ;  and  that  the  ganglionic  centres  have 
1  its  appropriate  sphere)  the  like  powers  both  of  condticting, 
Ttngy  and  reflecting  impressions  made  on  them. 
power  possessed  by  the  sympathetic  ganglia  of  conducting 
ions  is  sufficiently  proved  in  disease,  as  when  any  of  the 
usually  imfelt,  give  rise  to  sensations  of  pain,  or  when  a 
»t  commonly  subject  to  mental  influence  is  excited  or  re- 
in its  actions  by  the  various  conditions  of  the  inind ;  for  in 
18  cases  impressions  must  be  conducted  to  and  fro  through 
)le  distance  between  the  part  and  the  spinal  cord  and  brain. 
),  in  experiments,  now  more  than  sufficiently  numerous, 
ms  of  the  semilunar  ganglia,  the  splanclmic  Tier7e&)  >i)[ii^ 
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thoracic,  hepatic,  and  other  ganglia  and  nerves,  have  elicited 
expressions  of  pain,  and  have  excited  movements  in  the  muscular 
organs  supplied  from  the  irritated  part. 

In  the  case  of  pain,  or  of  movements  affected  by  mental  con- 
ditions, it  may  be  supposed  that  the  conduction  of  impressions  is 
effected  through  the  cerebro-spinal  fibres  which  are  mingled  in 
all,  or  nearly  all,  parts  of  the  sympathetic  nerves.  There  are  no 
means  of  deciding  this  ;  but  if  it  be  admitted  that  the  conduction 
is  effected  through  the  cerebro-spinal  nerve-fibres,  then,  whether 
or  not  they  pass  uninterruptedly  between  the  brain  or  spinal  cord 
and  the  part  affected,  it  must  be  assumed  that  their  mode  of 
conduction  is  modified  by  the  ganglia.  For,  if  such  cerebro- 
spinal fibres  are  conducted  in  the  ordinary  manner,  the  parts 
should  be  always  sensible  and  liable  to  the  influence  of  the  will, 
and  impressions  should  be  conveyed  to  and  fro  instantaneously.  • 
But  this  is  not  the  case ;  on  the  contrary,  through  the  branches  of 
the  sympathetic  nerve  and  its  ganglia,  none  but  intense  impres- 
sions, or  impressions  exaggerated  by  the  morbid  excitability  of  the 
nerves  or  ganglia,  can  be  conveyed. 

Respecting  the  general  action  of  the  ganglia  of  the  sympathetic 
nerve,  in  reflex  or  other  actions,  little  need  be  said  here,  since 
they  may  be  taken  as  examples  by  which  to  illusti*ate  the  common 
modes  of  action  of  all  nerve-centres  (see  p.  486).  Indeed,  com- 
plex as  the  sympathetic  system,  taken  as  a  whole,  is,  it  presents 
in  each  of  its  parts  a  simplicity  not  to  be  found  in  the  cerebro- 
spinal system  :  for  each  ganglion  with  afferent  and  efferent  nerves 
forms  a  simple  nervous  system,  and  might  serve  for  the  illustration 
of  all  the  nervous  actions  with  which  the  mind  is  unconnected. 

The  parts   principally  supplied  with   sympathetic   nerves  ^ 
usually  capable  of  none  but  involuntary  movements,  and  ^hen 
the  mind  acts  on  them  at  all,  it  is  only  through  the  strong  exci^' 
mcnt  or  depressing  influence  of  some  passion,  or  through  some 
voluntary  movement  with  which  the  actions  of  the  involunt^ 
part  are  commonly  associated.     The  heart,  stomach,  and  ')^^ 
tines  are  examples  of  these  statements;  for  the  heart  and  stoD^^ 
though  supplied  in  large  measure  from  the  pneumogastric  ne^ 
yet  probably  derive  through  them  few  filaments  except  suc^    . 
have  arisen  from  their  ganglia,  and  are  therefore  of  the  natuT^ 
sympathetic  fibres. 
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The  parts  which  are  supplied  with  motor  power  by  the  sym- 
pathetic nerve  continue  to  move,  though  more  feebly  than  before, 
when  they  are  separated  from  their  natural  connections  with  the 
rest  of  the  sympathetic  system,  and  wholly  removed  from  the 
body.  Thus,  the  heart,  after  it  is  taken  from  the  body,  continues 
to  beat  in  Mammalia  for  one  or  two  minutes,  in  reptiles  and 
Amphibia  for  hours  ;  and  the  peristaltic  motions  of  the  intestine 
continue  under  the  same  circumstances.  Hence  the  motion  of  the 
parts  supplied  with  nerves  from  the  sympathetic  are  shown  to 
be,  in  a  measure,  independent  of  the  brain  and  spinal  cord  ;  this 
independent  maintenance  of  their  action  being,  without  doubt, 
due  to  the  fact  that  they  contain,  in  thtir  own  substance,  the 
apparatus  of  ganglia  and  nerve-fibres  by  which  their  motions  are 
immediately  governed. 

It  seems  to  be  a  general  rule,  at  least  in  animals  that  have 
both  cerebro-spinal  and  sympathetic  nerves  much  developed,  that 
the  involuntary  movements  excited  by  stimuli  conveyed  through 
ganglia  are  orderly  and  like  natural  movements,  while  those 
excited  through  nerves  without  ganglia  are  convulsive  and  dis- 
orderly ;  and  the  probability  is  that,  in  the  natural  state,  it  is 
through  the  same  ganglia  that  natural  stimuli,  impressing  centri- 
petal nerves,  are  reflected  through  centrifugal  nen^es  to  the  in- 
voluntary muscles.  As  the  muscles  of  respiration  are  maintained 
in  uniform  rhythmic  action  chiefly  by  the  reflecting  and  combining 
power  of  the  medulla  oblongata,  so  arc  those  of  the  heart,  stomach, 
and  intestines,  by  their  several  ganglia.  And  as  with  the  ganglia 
of  the  sympathetic  and  their  nerves,  so  with  the  medulla  oblon- 
gata and  its  nerves  distributed  to  the  respiratory  muscles, — if 
these  nerves  of  the  medulla  oblongata  itself  be  directly  stimulated, 
the  movements  that  follow  are  convulsive  and  disorderly ;  but  if 
the  medulla  be  stimulated  through  a  centripetal  ner\'e,  as  when 
cold  is  applied  to  the  skin,  then  the  impressions  are  reflected  so 
as  to  produce  movements  which,  though  they  may  be  very  quick 
and  almost  convulsive,  are  yet  combined  in  the  plan  of  the  proper 
'expiratory  acts. 

Among  tho  ganglia  of  the  sympathetic  nerves  to  which  this 
<5o-ordination  of  movements  is  to  be  ascribed,  must  bo  reckoned, 
'^ot  those  alone  which  are  on  the  principal  trunks  and  branches 
®^  the  sympathetic  external  to  any  organ,  but  those  also  whiclv 
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lie  in  the  very  substance  of  the  organs ;  such  as  those  of  the 
heart  (p.  157).  Those  also  may  be  included  which  have  been 
found  in  the  mesentery  close  by  the  intestines,  as  well  as  in  the 
muscular  and  sub-mucous  tissue  of  the  stomach  and  intestinal 
canal  (p.  310),  and  in  other  parts.  The  extension  of  discoveries 
of  such  ganglia  will  probably  diminish  yet  further  the  number  of 
instances  in  which  the  involuntary  movements  appear  to  be  effected 
independently  of  nervous  influence. 

Respecting  the  influence  of  the  sympathetic  system  on  various 
physiological  processes,   see  Heart  (p.  157),  Arteries   (p.  180), 
Animal  Heat  (p.  264),  Salivary  Glands  (p.  280),  Stomach  (p.  306)1 
Intestines  (p.  310).     These  are  parts  which  have  been  specially 
investigated.     But  they  are  not  in  any  way  exceptionaL    All 
physiological  processes  must,    of    necessity,   either    directly  or 
through  vaso-motor  fibres,  be  under  the  influence  of  the  Sympa*^ 
thetic  system. 


CHAPTER    XIX. 

CAUSES    AND    PHENOMENA    OF    MOTION. 

In  the  animal  body,  motion  is  produced  in  these  several  wi 
(i.)  The  oscillatory  or  vibratory  movement  of  Cilia,  (2.)  Amceha^^^ 
and  certain  Molecular  movements.  (3.)  The  contraction  of  Mt^^^^ 
cular  fibre, 

I.  Ciliary  Motion. 

Ciliary,  which  is  closely  allied  to  amoeboid  and  muscular  moticr^:^^ 
(p.  31)  consists  in  the  incessant  vibration  of  fine,  pellucid  pi — *^ 
cesses,  about  -g^Vo  ^^  ^^  ^^^^  long,  termed  cUia  (figs.  272,  27^^/' 
situated  on  the  free  extremities  of  the  cells  of  epithelium  coveri*c^^ 
certain  surfaces  of  the  body. 

The  distribution  and  structure  of  ciliary  epithelium  and  €9^^ 
microscopic  appearances  of  cilia  in  motion  have  been  alrea^c3y 
described  (p.  51). 

Ciliary  motion  is  alike  independent  of  the  will,  of  the  dir^^^^ 
influence  of  the  nervous  system,  and  of  muscxilar  contraction.  _^ 
continues  for  severaL  \io\M«  after  death  or  removal  from  the 
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prorided  the  portion  of  tissue  under  examination  b«  kept  moist. 
Its  independence  of  the  uervoiu  s^Btem  is  showa  also  in  its  occur- 
rence in  the  lovest  Invertebrate  animals  apparently  unprovided 
with  anything  analogous  to  a  nervous  system,  in  its  persistence 
in  animals  killed  by  prussic  acid,  by  narcotic  or  other  poisons, 
and  after  the  direct  application  of  narcotics  to  the  ciliary  surface. 


Pi'j.  272.'  Pig-  273-t 


or  the  discharge  of  a  Leyden  jar,  or  of  a  galvanic  shock  through 
it.  The  vapour  of  chloroform  arrests  the  motion;  but  it  is 
renewed  on  the  discontinuance  of  the  application  (Lister).  Ac- 
cording to  Kiibne,  the  movement  ceases  in  an  atmosphere  de- 
prived of  osygen,  but  is  revived  on  the  admission  of  this  gas. 
Carbonic  acid  stops  the  movement.  The  contact  of  various  sub- 
stances will  stop  the  motion  altogether ;  but  this  seems  to  depend 
chiefly  00  destruction  of  the  delicate  substance  of  wtiich  the  cilia 
are  composed, 

nature    of  Ciliary   AotiOIl.— Little  or  nothing    is    known  with 

certainty    regarding    tbe    nature    ot    ciliary    action.      As    Dr.    Sharpcy 

cUerres,  however,  it  is  a  special  manifestation  of  a  aimilAr  property  to 

thM  by  which   the  other  motiona   o{   animals  are  effected,  namely,   by 

wrhat  WB  term  "oitai  cpittractility.     The  fact  of  the  mora  evident  movc- 

*wiiti  of   the  larger  animals  being   effected   by   a  structure    apparently 

•iifferent  from  that  of  cilin.  is  no  argument  against  such  a  suppoaition.    For, 

^  ve  consider  the  matter,  it  will  be  plain  that  our  prejudices  against  admit- 

*^g  a  lelationsbip  to  exist  between  the  two  structures,  muscles  and  cilia, 

"Bsta  on  no  definite  gronnd  ;  and  for  the  simple  reason,  that  we  knov  so 

,  l*ttJe  ot  the  manner  of  production  of  movement  in  cither  case.    The  mere 

'^^^^lence  of  structure  is  not  an  argcment  in  point ;  neither  is  the  presence 

*'''  Absence  ot  nerrea.    For  in  the  fcetus  the  heart  begins  to  pulsate  when  it 

.  *     Tig.  372.     Spheroidal  ciliated  cells  from  the  mouth  of  the  frog ;  mag- 
****^«i  300  diameters  (Sharpey). 

"*"    Tig.  273.     Columnar  ciliated  epithelium -cella  from  the  human  naM.\ 
^^^-'^Iruic  :  magnified  300  diameters  (Sharpey). 
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consists  of  a  mass  of  embryonic  cells,  and  long  before  either  muscular  or 
nervous  tissue  has  been  differentiated.  The  movements  of  both  muscles  and 
cilia  are  manifestations  of  energy,  by  certain  special  structures,  which  Ve 
call  respectively  muscles  and  cilia.  We  know  nothing  more  about  the  means 
by  which  the  manifestation  is  effected  by  one  of  these  structures  than  by  the 
other  ;  and  the  mere  fact  that  one  has  nerves  and  the  other  has  not,  is  no  more 
argument  against  cilia  having  what  we  call  a  vital  power  of  contraction, 
than  the  presence  or  absence  of  stripes  from  voluntary  or  involuntary 
muscles  respectively,  is  an  argument  for  or  against  the  contraction  of  one  of 
them  being  vital  and  the  other  not  so. 

As  a  special  subdivision  of  ciliary  action  may  be  mentioned  the 
motion  of  spermatozoa,  which  may  be  regarded  as  cells  \vith  a 
single  cilium.     (See  Chapter  on  Generation.) 

II.  AmcBboid  Motion. 

The  remarkable  movements  observed  in  colourless  blood-cor- 
puscles, connective-tissue  corpuscles,  and  many  other  cells  (p.  31), 
must  be  regarded  as  depending  on  a  kind  of  contraction  of  portions 
of  their  mass  very  similar  to  muscular  contraction. 

There  is  certainly  an  analogy  between  the  spherical  form  as- 
sumed by  a  colourless  blood  corpuscle  on  electric  stimulation  and 
the  condition  known  as  tetanus  in  muscles. 

III.   Muscular  Motion. 

Varieties  of  Muscular  Tissue. — There  are  two  chief  kinds 
of  muscular  tissue,  (i.)  the  j)lain  or  non-striated,   and   (2.)  the 
striated,  and  they  arc  distinguished  by  structural  peculiarities  au3^ 
mode  of  action.     The  striped  form  of  muscular  fibre  is  sometime^ 
called  voliuitary  muscle,  because  all  muscles  under  the  control 
the  will  are  constructed  of  it     The  plain  or  unstriped  variety 
often  termed  involuntary,  because  it  alone  is  found  in  the  greatc^^^ 
number  of  the  muscles  over  which  the  will  has  no  power. 

(i.)  Structure  of  Plain  or  Non-striated  Muscles. — Tk-^ 
non-striated  Muscles  are  made  up  of  elongated,  spindle-shapes  *^ 
nucleated  fibre  cells  (fig.  274),  which  in  their  perfect  form 
flat,  from  about  ^-j^o  ^^  TaViy  ^^  ^^  ^^^^  broad,  and  ^^  to  3; 
of  an  inch  in  length, — very  clear,  granular,  and  brittle,  so 
when  they  break,  they  often  have  abruptly  rounded  or  sqi 
extremities.     Each  muscle  cell  consists  of  a  fine  sheath,  probatn:::^^ 
elastic ;  of  a  central  bundle  of  fibrils  representing  the  contract:::^-^ 
substance ;  and  ot  ixn  oVtVya^  UMcleus,  which  includes  withia     ^ 
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membrane  a  fine  network  imastomo^ng  at  the  poles  of  the  nudeiw 
with  the  contractile  fibrils.     The  enda  of  fibres  are  usiially  single. 


flometimcB  divided.     Between  tho  fibres  is  an  albnminous  cement- 
ing material  (endomysium)  in  which  are  found  connectiTe-tissue 


corpuscles  and  a  few  fibres.  Tho  perimynum  is  continuous  with 
the  endomysiiuD  in  the  fibrous  connective-tissue  surrounding  and 
separating  the  bundles  of  muscle  cells. 

*  Fig.  274.  A,  unatriped  muscle- cells  from  meseiitery  of  ucnl,  sheath  witk 
tmuvene  markinf;  funtly  seen,  k  iSa;  B,  from  similar  preparatioQ, 
diewiDg  each  mi]icle.cell  consists  of  a  central  bimdla  of  fibrils  (contractile 
part)  connected  with  the  intrajiuclear  network  and  a  sheath  with  atmukr 
thickening  The  cells  show  varicosities  due  to  local  contraction  and  on  these 
the  annnlar  thicksninga  are  most  marked.    X450.    (Klein  ftod  Noble  Smith.) 

t  f^  Z75.  Plexus  ofbandlesof  unstriped  muscle-cells  of  tlu  ^ul.'m.'nuMrs 
fleoravfthegaines-pig.     x  180.    (Klein  and  NoWe  8niilh.1 
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IiOOalitieB  in  vhiob  found. — InroluDtaiy  muscle  forms  the 
proper  muscular  coats  of  the  digestive  canal  from  the  middle,  of 
the  oosophagiia  to  the  internal  sphincter  ani,  of  the  ureters  and 
urinary  bladder,  the  trachea  and  bronchi,  the  ducts  of  glands,  the 
gall-bladder,  tho  Tcsiculai  seminales,  the  pr^inant  utenig,  of  blood- 
vessels and  lymphatics,  the  iris,  and  some  other  parts. 

This  form  of  tissue  also  eaters  lai^gely  into  the  composition  of 
the  tunica  dartca,  and  is  the  principal  cause  of  tho  wrinklii^  and 
contraction  of  tho  scrotum  on  exposure  to  cold.  The  fibres  of 
the  crcmoster  assist  in  some  measure  in  producing  this  effect,  but 
they  are  chiefly  concerned  in  drawing  up  the  testis  and  its  cover- 
ings towards  the  inguinal  opening.      Unstriped  muscular  tissue 


Fig.  2^6* 


Fig.  277.+ 


occurs  largely  also  in  the  cutis  (p    411),  being  espocially  abun 
dant  in  the  interspaces  between  the  bases  of  the  papillae      Hence 
when  it  contracts  under  the  influence  of  cold,  fear,  electricity  or 
any  other  stimuliis    tho  ptpilla)  are  made  unusually  prommenX 
aad  give  nae  to  the  peculiar  roughness  of  the  skin  termed  «*"• 
amen  la  or  goose  bkm      It  occurs  also  in  the  superficial  port-^'^ 
of  the  cutis    m  all  parts  where  hatrs  occur  in  tho  form  of  ^^^  , 
tencd  roundish  bundles  nhich  lie  alongside  the  hair  foUicles  i 
sebaceous   glands.     Thoy  pass  obliquely  from  without  iiiwf_ 
embrace  the  sebaceous  glands,  and  are  attached  to  the  haii^olli^^^^ 
near  their  base  (fig,  276). 

•  Fig.  276.     Perpendicular  section  through  the  scalp,  with  two  hair-s^^*** 
a,  epidennia ;  i,  cntis ;  c,  muscles  of  the  hur-foUicks  (Eiilliker). 

+  Fig.  377.  A  small  portion  of  striated  iQUScle,  natural  size,  cotuudo  ^ 
hrgar  and  ainaUer  fascicoli,  tceu  in  a  transvorM  section,  and  the  aataetz*^' 
niSed  5  diameten  (.Shu^^V 
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(2.)  Stmotare  of  Striated  or  Striped  Masde. — The  striated 
muBcles  include  the  whole  class  of  voluntary  muscles,  the  ?ieaH, 
and  those  muscles  neither  completely  voluntary  nor  involuntary, 
which  form  part  of  the  walls  of  the  pharynx,  and  exist  in  many 
other  parts  of  the  body,  as  the  internal  ear,  urethra,  eta 

All  these  muscles  are  composed  of  fleshy  bundles  csXled  fasciculi, 
enclosed  in  coverings  of  fibro-cellular  tissue  {perimysium),  by 
which  each  is  at  once  connected  with  and  isolated  from  those 
adjacent  to  it  (fig.  277).  Each  fasciculus  is  made  up  of  several 
smaller  bundles,  similarly  cnsheathed.  A  bundle  is  made  up  of 
muscle  fibres  with  small  processes  and  connective-tissue  cells 
between  them  (eiuiamysium). 

Each  muscular  fibre  is  thus  constructed  : — Externally  is  a  fine, 

transparent,  structureless  membrane,  called 

the  sarcolemma,  which  in  the  form  of  a 

tabular  investing  sheath  forms  the  outer 

wall  of  the  fibre,  and  is  filled  up  by  the 

contractile  material  of  which  the  fibre  is 

chiefly  made  up.      Sometimes,   from  its 

comparative   toughness,   the    sarcolcmma 

will  remain   untom,  when  by  extension 

the    contained  part  can  be  broken  (fig. 

281),   and    its   presence   is   in   this   way 

leat  demonstrated.      The    fibres,    which 

re  cylindriform    or   prismatic,   with    an 

rerage  diameter  of  about  ^^^  of  an  inch,  are  of  a  pale  yellow 

lour,  and  apparently  marked  by  fine  stria),  which  pass  trans- 

rsely  round  them,  in  slightly  curved  or  wholly  parallel  lines. 

eh   fibre   is  found   to  consist  of  broad   dim  bands  of  highly 
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Fig.  278.     Part  of  a  strii^d  musclc-fibre  of  a  water-beetle  (liyclrophilus) 

wed  with  absolute  alcohol.     A,  sarcolemma ;  B,  Krause's  membrane. 

tg  to  contraction  during  hardening  the  sarcolemma  shows  regular  bulgings. 

e  and  below  Krause's  membrane  are  seen  the  transparent  'lateral  discs.*' 

*hief  mass  of  a  muscular  compartment  is  0€cu})ied  by  the  contractile 

>mpo6ed  of  sarcous  elements.     The  substance  of  the  individual  sarcous 

Its  has  collected  more  at  the  extremity  than  in  the  centre  :  hence  this 

is  more  transparent.    The  optical  effect  of  this  is  that  the  contractile 

pesn  to  possess  a  **  median  disc  "  (Disc  of  Heusen).     Several  nuclei  of 

corpuscles,  C  and  D,  arc  shown,  and  in  them  a  minute  network,     x 

Klein  and  Noble  Smith.) 

Y  Y 
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refractive  substance  repreaentiug  the  coatractilo  portion  of 
the  muscle  fibre — t/is  contractile  ditei- — alternating  with  narrov 
bright  bands  of  a  less  refractive  substance — the  inlerttitial  duet. 
After  hardening,  each  contractile  disc  becomes  longitudinallr 
8trint«d,   the  thin  oblong  roda  thus  formed  being  the  tarcont 


Fig.  2jg.' 


dements  of  Bowman.  The  Borcoas  elemcnta  are  not  the  opHf" 
units,  since  eiich  consists  of  minute  doubly  refractiugelement*-'" 
dUdiaclaeti  of  Briicke,  When  seen  in  transverse  section  tli«  *""' 
tractile  discs  appear  to  be  subdivided  by  clear  lines  into  polyp"* 
iirens — Colinheim's fields  (fig.  283),  each  corresponding  to  one  sarco"' 
element  prism.  The  clear  lines  are  due  to  a  transparent  intetsti"'' 
fluid  substance  pressed  out  of  the  sarcouB  elements  when  twj 

*  Fig.  379.  A.  Portion  ofn  medium- aiieil  hnman  raii«cu1u-.^in,  tMBM"" 
nrarlySoodismctera.  B.  Separated  bundles  oSJibrili  eqaally  migniW;*.'' 
i&rtter,  and  b,  b,  smaller  collections  ;  r,  still  smaller  ;  d,  d,  the  smallcit  *l>i°' 
could  be  detached,  posfubly  npreMnting  a  wngle  series  or  urconi  iltffl*'' 
(Sharpty), 
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coagulate.     The  tartolemma  a  a  transparent  structureless  elastic 
sheath  of  great  i-eaiBtanco  vhich  siurounda  each  fibre. 

Ifatnre  of  Pibrila.— There  is  stiUsowe  doubt  regarding  thenatoroot 
the  fibrils.  Each  of  tbcm  appears  to  be  composed  of  a  single  raw  of  minate 
dark  quadrangnlar  particles  cnlleil  nireoiu  eUintntt,  which  are  »eparated 
frum  each  other  by  a  bright  space  formed  of  a  pellacid  sabstaDce  continuoQB 
with  them.  Dr.  Sharpey  believes  that,  cTen  in  a  fibril  so  constituted,  the 
ultimate  anatomicBl  element  of  the  fibre  has  not  been  isolated.  He  believes 
that  each  fibrii  with  qandrangalar  sarcous  elements  is  composed  of  a  number 
of  other  fibrils  still  finer,  so  that  the  sarcous  clement  of  an  ultimate  fibril 
would  be  not  qoadranguliU'  but  as  a  stieak.  In  cither  case  the  appearance 
of  atriation  in  the  whole  fibre  would  be  produced  by  the  armngcmcnt,  side 
by  side,  of  the  dark  and  light  portions  reapeclively  of  the  fibrils  (fig.  279). 

t^  fine  strcflk  ciui  usually  be  discerned  passing  across  the  inter- 
stitial disc  between  the  Barcoua  dements :  thia  streak  is  termed 
Krauae's  membrane  :  it. is  continuous  at  each  end  with  the  sarco- 
lemma  inveating  the  muscular  fibre  (fig.  27S  B). 

Thus  the  space  enclosed  by  the  sarcolcmma  is  divided  into  a 
scries  of  compartments  by  the  transverse  partitions,  known  as 
Kmose's  membranes ;  these  compartments  being  occupied  by  the 

Tig.  ato."  Fig.  aSi.f 


t^Tie  muscle  substance.  On  tatli  side  (uboio  and  below)  of 
'^JSDse's  metnbraDe  is  a  bright  border  (lateral  disc)  In  the  centre 
^  the  dork  zone  of  sarcous  elements  a  lighter  band  can  sometimes 
***  dimly  discerned  :  this  is  termed  the  middle  disc  of  Htnttn  (see 
%  178  A). 

*  Fift  380.     Truuvene  section  of  a  mnsclc-fibre  of  water-beetle  (hydro- 
f     (Idlni  piaceus),  showing  the  position  of  the  muscle  nuclei  {Walter  rye). 
I         t  fi^.  3&1.    Muscular  fibre  torn  across ;  the  snrcoUmma  still  coonecting 
ft«  two  parts  of  the  fibre  (Todd  and  lioinuan). 

t-el 
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In  some  fibres,  chiefly  those  from  insects,  ettch  l&ter&l  disc  con- 
titiiis  a  row  of  bright  granules  forming  the  granular  layer  of  FIogeL 
The  fibres  contain  nuclei,  vhich  are  roundish,  ovoid,  or  Bpindle- 
shapcd  in  difTiireut  animals.  These  nuclei  are  situated  close  to 
the  Barcolenima,  their  long  axea  being  parallel  to  the  fibres  which 
contain  them.  Each  nucleus  is  composed  of  a  uniform  network  ef 
fibrils,  and  is  embedded  in  a  thin  more  or  leas  branched  film  of 
protoplasm.  The  nucleua  and  protoplasm  together  form  the  muscle 
cell  or  muscle  eorpuxU  of  Max  Schultze. 

The  BurcouB  elements  and  Erause's  membranes  are  doubly 
refracting,  the  rest  of  the  fibre  singly  refracting  (Briicke). 


Fig.  xSi* 


Fig.  a83.t 


According  to  Schafer,  the  granules,  which  have  been  mentioned  oa  eilhff 
Kkle  of  Krause's  membrnne,  are  little  knobsatlached  totbe  ends  of  "mosde- 
rods  ;"  and  tlic»c  muscle-rods,  knobbed  at  each  cndand  imbedded  lui  bono- 
geneouB  prolo|>hisniic  ground-BubstaDce,  form  the  mtbetance  of  the  DUBdM 
this  view,  howcTer,  of  the  Htroctnre  of  muscle  requires  further  cc 
before  it  can  be  finally  accepted 


•  Fig.  281,  Section  through  the  muscular  substance  of  the  tonjtn*.™' 
capillaries  injected,  their  mealies  running  parallel  to  the  fitmi  ^^ 
niusculac  fibres  are  seen  running  longitudinally,  and  two  bundles  of  fil*"  " 
transverse  section,      k   150.     (Klein  and  Noble  Smith.) 

+  Fig.  283.  TransvciBo  section  through  muscular  fibres  orhumantiiBp'i 
the  fibres  appear  in  transverse  section  of  diffarent  siies  owing  to  thor  ^^ 
more  or  Joss  spin  die- shaped.  The  muscle-oorpnsfles  are  indicated  \ij'^ 
ileeply-stained  nuclei  situated  at  the  inside  of  the  sarcoiemma.  Each  B"**" 
fibre  shows  the  "Cohnheim'a  fields,"  that  is  the  sarcons elements  intnoiR" 
section  separated  h;  clear  (apparently  linear)  intentitiBl  snhatance.  *  45°' 
(Klein  and  KoUe  ^roitM 
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Although  each  muscular  fibre  rany  be  coiisidered  to  be  formed 
of  a  number  of  longitudinal  fibrils,  arranged  side  by  side,  it  is 
also  true  that  they  are  not  naturally  separate  from  eath  other, 
there  being  lateral  cohesion,  if  not  fusion,  of  each  sarcoua  element 
with  those  around  and  in  contact  ivith  it;  so  that  it  happens 
that  there  is  a  tendency  for  a  fibre  to  split,  not  only  into 
separate  fibrils,  but  also  occasionally  into  plates  or  disks,  each  of 
which  is  composed  of  aarcous  elements  laterally  adherent  one  to 
another. 

Uusoalar  Fibres  of  the  Heart  {figs.  Si  and  285)  form  the 
chief,  though  not  the  only  exception  to  the  rule,  that  involuntary 

Fig.  285.1 


Inascles  are  constructed  of  plain  fibres ;  but  although  striated  and 
ao  far  resembling  those  of  the  voluntary  muscles,  they  present 
theae  distinctions  : — Each  muscular  fibre  is  made  up  of  elongated, 
nucleated,  and  branched  cells,  the   nuclei   or  muscle-corpuscles 

*  Fig-  2S4.     Muscular  fibres  from  tlic  heart,  magnifiiil,  ahowing  their  crosa- 
(triie,  diviiioiis,  and  jonctiona  (Kolliker). 
+  Fig.  284.     For  deicription  of  this  figure  see  Fig.  80,  with  which  it  ii 
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being  centrally  placed  in  the  fibre.  The  fibres  are  finer  and  less 
distinctly  striated  than  those  of  the  Toluntary  muscles ;  and  no 
sarcolemma  can  be  usually  discerned. 

Blood  Supply. — The  voluntary  muscles  are  freely  supplied 
with  blood-vessels ;  the  capillaries  form  a  network  with  oblong 
meshes  around  the  fibres  on  the  outside  of  the  sarcolemma.  No 
vessels  penetrate  the  sarcolemma  to  enter  the  interior  of  the 
fibre  (fig.  282). 

Nerves  also  are  supplied  freely  to  muscles  (pp.  475-6) ;  the 
voluntary  muscles  receiving  chiefly  nerves  from  the  cerebro-spinal 
system,  and  the  unstriped  muscles  from  the  sympathetic  or 
ganglionic  system. 

Development. — (i.)  Unstriped, — The  cells  of  unstriped  muscle 
are  derived  directly  from  embryonic  cells,  by  an  elongation  of  the 
cell,  and  its  nucleus ;  the  latter  changing  from  a  vesicular  to  a 
rod  shape. 

(2.)  Striped, — Formerly  it  was  supposed  that  striated  fibres  are 
formed  by  the  coalescence  of  several  cells,  but  recently  it  has  been 
proved  (Remak,  Wilson  Fox),  that  each  fibre  is  formed  from  a 
single  cell,  the  process  involving  an  enormous  increase  in  size,  a 
multiplication  of  the  nucleus  by  fission,  and  a  differentiation  of 
the  cell-contents. 

This  view  differs  but  little  from  that  previously  taken  by  Savoiy, 
viz.,  that  the  muscular  fibre  is  produced  not  by  multiplication 
of  cells,  but  by  aiTangement  of  nuclei   in  a  growing  mass  of 
protoplasm  (answering  to  the  cell  in  the  theory  just  referred  U)), 
which  becomes  gradually   differentiated    so    as  to  assume  the 
characters  of  a  fully  developed  muscular  fibre. 

Orowth  of  Mnsole. — The  growth  of  muscles  both  striated  and 
non-striated  is  the  result  of  an  increase  both  in  the  number  sm 
size  of  the  individual  elements. 

In  the  pregnant  uterus  the  fibre-cells  may  become  enlarged  to 
ten  times  their  original  length  (Kiilliker).  In  involution  of  tbe 
uterus  after  parturition  the  reverse  changes  occur,  accomp«nied 
generally  by  some  fatty  infiltration  of  the  tissue  and  degeneration 
of  the  fibres. 

Chemical  Constitution. — Fresh  muscle  is  neutral  or  sHg^^J 
alkaline  in  reaction  when  at  rest ;  when  in  a  condition  of  actiTi^T 
or  of  rigor  its  Teiicl\on\ift<iotJiQSi  distinctly  acid. 
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Muscle,  like  Mood,  may  be  analysed  into  two  parts  by  purely 
mechanical  meaoe.  For  this  purpose  the  muBcle-jiiice  or  platnta, 
&8  it  may  be  termed,  is  obtained  ae  follows  :  A  portion  of  frog's 
muscle  (after  tbe  blood  has  been  completely  expelled  by  tbe 
injection  of  a  solutiou  of  common  salt),  ia  squeezed  :  the  juice 
thus  expressed  is  the  musule-p^mui ,-  or  a  portion  of  muscle  may 
be  frozen  and  then  reduced  to  a  pulp,  mixed  witli  salt  solution 
and  thrown  upon  a  filter  :  tbe  filtrate  ia  muscle-pfimna.  It  is  a 
colourless  somewhat  turbid  fluid,  which  can  be  coagulated  by  a 
temperature  of  120°  F.,  or  by  the  action  of  acids. 

By  this  coagulation  a  rough  analysis  of  tbe  muscle  substance 
takes  place  just  as  in  the  case  of  the  blood.  The  coBgulum  ob- 
tained is  termed  myotiii;  while  the  remaining  watety  fluid  is 
colled  imueU-terum. 

Mjosin  ia  a  proteid  which  is  solable  iii  Blrong  solutioiu  of  common 
aaJt,  and  al«o  in  dilote  acide,  by  which  it  is  converted  into  tyntoM,» 
or  aeid^lbamin  (Appendix).  HI uscle -serum  conliiiiw  a  rariety  of  mbttences 
in  aolntioQ,  among  which  the  principal  are  nlbuminouB  bodice,  fat,  free  acids, 
«cpeciil]7  lactic,  formic,  and  acetic,  glycogen  and  inoaitc,  krcalin,  hypoxaa- 
tl^,  msnj  salts,  carbonic  ncid,  and  lastly  hannoglobin,  on  which  thecolonr 
of  mnscles  partiallj-  depends. 

FliyBlolog7  of  ICuBole. 

Jiuscle  may  exist  in  three  different  conditions;  rest,' actu/Hy, 
and  riffor. 

(i.)  Best. — In  this  condition  a  muscle  has  a  slight  but  very 
perfect  elasticity ;  it  admits  of  being  cousiderably  stretcbed ;  but 
ivtums  readily  and  completely  to  its  normal  length. 

In  the  living  body  the  muscles  are  always  stretched  somewhat 
beyond  their  natural  length,  they  are  always  in  a  condition  of 
slight  tension  ;  an  arrangement  which  enables  the  whole  foroe  of 
the  contraction  to  be  utilised  in  approximating  tbe  points  of 
attachment.  It  is  obvious  that  if  the  muscles  were  lax,  tbe  first 
port  of  the  contraction  tilt  the  muscle  became  tigbt  would  be 
irasted. 

There  is  no  doubt  that  even  in  a  condition  of  rest  oxygen  is 
abstracted  firom  the  blood  and  carbonic  acid  given  out  by  a 
muscle  ;  for  the  blood  becomes  venous  in  the  transit.  When  cut 
out  of  the  body  such  muscles  retain  their  contractility  longer  in 
an  atmoBjdieTo  of  oxygen  than  in  hydrogen  or  carbonic  m<^ 
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Avity.— The  property  ufmiiscular  tissue,  by  wUiob  iU 
luictions  uro    cierciBeil,    ia   its    contractility,    whicli  is 
'  all  kinds  of  stimuli   applied   either  directly  to  the 
ir   iiidiructly  to  them    through  tho   medium    of  their 
veB.     This  property,  although   uommoiily  brought  into 
)Ugh  the  nen-oUB  system,  is  iuhcreut  iu  the  museuliu- 
or— (i).   it  may  be  niiinifeHted  in  a  mustlc  which  ia 
)ui  tho  iufluence  of  the  uen-ous  system  liy  divbiion  of 
s    BiippJyiug    it,  80  long  as  the  nntunJ  tissue  of  the 
inly  iiuuriHhcd  ;  and  (a),   it  is  manifest  iu  n  portion  of 

iced.      (3},  Subatauces  such  aa  urari,   which  paralyse 
judiuga  in  muscles,  do  not  at  aU  diminish  the  irritabi- 
muscle.    (4).  "Wheu  a  muiicle  is  fatigued,  a  local  atimula- 
lowed  by  a  contraction  of  a  small  part  of  the  fibre  iu 
iate  vicinity  without  any  regiird  to  the  distribution  of 

null  which  excite  the  contraction  of  muscles  may  be 

nd  mecbauiciJ  stimuli 

emoval  of  nervous  influence  be  long  continued,  as  by 
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muscular  tissue  of  the  heart,  that  the  cessation  of  the  action  of 
this  organ  in  asphyxia  is  in  some  measure  due  (p.  252). 

Sensibility. — Besides  the  property  of  contractility,  the  muscles, 
especially  the  striated^  possess  sensibility  by  means  of  the  sensory 
nerve-fibres  distributed  to  them.  The  amount  of  common  sensi- 
bility in  muscles  is  not  great ;  for  they  may  be  cut  or  pricked 
without  giving  rise  to  severe  pain,  at  least  in  their  healthy  con- 
dition. But  they  have  a  peculiar  sensibility,  or  at  least  a  peculiar 
modification  of  common  sensibility,  which  is  shown  in  that  their 
nerves  can  communicate  to  tire  mind  an  accurate  know^ledge  of 
their  states  and  positions  when  in  action.  By  this  sensibility, 
we  are  not  only  made  conscious  of  the  morbid  sensations  of 
fatigue  and  cramp  in  muscles,  but  acquire,  through  muscular 
action,  a  knowledge  of  the  distance  of  bodies  and  their  relation 
to  each  other,  and  are  enabled  to  estimate  and  compare  their 
weight  and  resistance  by  the  effort  of  which  we  are  conscious 
in  measuring,  moving,  or  raising  them.  Except  with  such  know- 
ledge of  the  position  and  state  of  each  muscle,  we  could  not  tell 
how  or  when  to  move  it  for  any  required  action ;  nor  without 
such  a  sensation  of  effort  could  we  maintain  the  muscles  in  con- 
traction for  any  prolonged  exertion. 

Muscular  Contraction. 

The  following  are  the  leading  facts  which  have  been  ascertained 
by  experiment  with  regard  to  the  conditions  of  muscular  action 
^d  the  tissue  changes  involved  in  the  process. 

KuBOular  contraction  may  be  induced,  as  above  mentioned, 
^  various  stimuli ;  if  a  muscle  of  a  frog  (recently  killed)  be  ex- 
posed  and  pinched,   pricked,  or   subjected  to  various   chemical 
'^^Unuli,  touched  with  a  hot  needle,  or  galvanised,  it  will  contract, 
■'^Us  power  of  contraction  to  stimuli  is  almost  characteristic  of 
**^H8cle,  and  is  due,  as  we  have  before  mentioned,  to  its  irritability, 
^xiacles  may  also  be  made  to  contract  by  stimuli  applied  to  their 
^^^i^es,  the  nerves  themselves  being  irritable,  although  not  con- 
^''^ctile.   That  muscle  contraction  is  not  always  indirectly  brought 
^^Ut  through  nerves,  is  proved  by  the  fact  that  urari  which  has 
*^^cu  found  to  paralyse  nerve-terminations  in  muscle,  does  not 
•U>p  the  contraction  of  muscle  under  appropriate  atiiav]i\i. 
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Single  Ha8Cle-0Ont3?aotioilB.— Thc«c  are  beat  rtadicd  with  what  ia 

4^Bllcd  n  "  iiervc-muBclc  preiinration."  Tbu  cooaista  of  the  femur  of  &  beg 
with  tlie  mcsclcH  cut  nway  except  the  f^Btrocnemius,  to  which  raiw  a  bnuich 
of  (he  sciatic  nerve  which  has  been  jireBcrvcd  entire.  The  femur  is  ditided 
St  about  tlie  lower  Ibin!.  The  bone  is  held  in  a  &rm  clamp,  the  nerve  it 
placed  over  the  holder  containing  two  naD-[x>laTi8able  eleetrodcB  coimected 
with  an  indactiiin  apparatuB,  and  the  lower  end  of  the  muscle  ia  coDoected 
with  a  lever  which  can  write  on  n  recording  apparatus  which  is  connected 
with  an  induction  apjiaratua.  If  the  lever  which  is  attached  to  the  gastro- 
cncmiofl  be  allowed  to  write  on  the  revolving  cylinder  of  the  recoidinfc 
instrument,  it  will  simply  make  a  straight  horizontal  line.  On  sending  a 
single  shuck  throuf^h  Ibe  preparation  it  will  be  seen  that  the  muscle  cod- 
tracts  and  makes  the  lever  describe  a  curve  (fig.  286,  wnuele-^iaTe). 

By  the  uoe  of  a  recording  inBtrument  (mjographioD)  aimilar  id 
principle  to  the  kymograpbion  (p.  152)  the  process  of  contnction 
bos  boen  accurately  Etudied  (vide  eupra). 


Fig.  a86.» 

^1 

mmiiiiliii^lliiilljpj 

^^^^■^^^^H 

The  upper  line  (m)  represent*  the  curve  traced  by  the  en^" 
the  lever  after  stimulfttion  of  the  muacle  by  a  single  indow*' 
tibock  :  the  middle  line  (f)  ia  that  described  by  the  markiog-k'^' 
and  indicates  by  a.  sudden  drop  the  exact  instant  at  which  »* 
induction-shock  was  given.  Tlie  lower  wavy  line  (()  is  tra«<l  "J 
ft  Tibratiug  tuning-fork,  and  serves  to  measure  prcattily 
intervals  of  time  occupied  in  cacb  part  of  the  contraction. 

•  Fig.  186.  IfuBcle-curve  (Michael  Foster),  obtained  by  the  pfO*** 
niyogTHjih^s,  imlicatea  the  exact  instant  of  the  induction  shock  ;  ft  '^ 
mpncemcut  ;  and  mx,  the  mniimum  elevation  of  lever;  t,  thelia*  " 
vibrating  tuning  (oiV. 
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It  will  be  observed  that  after  the  stimulus  has  been  applied,  as 
indicated  by  the  vertical  line  8,  there  is  an  interval  before  the  con- 
traction commences,  as  indicated  by  the  line  c.  This  interval, 
termed  the  "  latent  peinod  *'  (Helmholtz),  when  measured  by  the 
nmnber  of  vibrations  of  the  tuning-fork  between  the  lines  «  and  c, 
is  found  to  be  al)out  y^^  sec. 

The  contraction  progresses  rapidly  at  first  and  afterwards  more 
slowly  to  the  maximum  (the  point  in  the  curve  through  which 
the  line  nix  is  di*awn),  and  then  the  muscle  elongates  again  as 
indicated  by  the  descending  cun-e,  at  first  rapidly,  afterwards 
more  slowly,  till  it  attains  its  original  length  at  the  point 
indicated  by  the  line  c. 

The  muscle  curve  obtained  from  the  heart  resembles  that  of 
unstriped  muscles  in  the  long  duration  of  the  eifect  of  stimula- 
tion ;  the  descending  curve  is  very  much  prolonged. 

The  greater  part  of  the  latent  period  is  taken  up  by  changes  in 
the  muscle  itself,  the  rest  being  occupied  in  the  propagation  of  the 
induction  shock  along  the  nerve  (Foster). 

Tetaniu^ — ^If  instead  of  a  single  induction  shock  through 
the  preparation  we  pass  two,  one  immediately  after  the  other, 
when  the  latent  period  of  the  second  one  corresponds  to  the 
mitTimiifn  of  the  first,  a  second  cturve  will  occur  which  will  com- 
mence at  the  highest  point  of  the  first  and  will  rise  as  high.  If  a 
third  shock  be  passed,  a  similar  efiect  will  ensue,  and  three  curves 
one  above  the  other  will  be  traced,  and  so  on.  If  a  series  of 
shocks  occur,  however,  the  lever  after  a  time  censes  to  rise  any 
further,  and  the  contraction  which  has  reached  its  maximum  is 
maintained.  This  condition  is  called  tetanus  of  muscle.  The  con- 
dition of  "  an  ordinary  tetanic  muscular  movement  is  essentially 
a  vibratory  movement,  the  apparently  rigid  and  firm  muscular 
mass  is  really  the  subject  of  a  whole  series  of  vibrations,  a  series 
namely  of  simple  spasms ;  it  will  be  readily  understood  why  a 
tetanised  muscle,  like  all  other  vibrating  bodies,  gives  out  a 
sound  "  (Foster). 

The  force  of  a  muscle  progressively  diminishes  during  contrac- 
tion. Thus,  if  a  muscle  can  just  raise  a  given  weight  at  the 
commencement  of  contraction,  it  will  be  quite  unable  to  niise  it 
if  the  weight  does  not  come  into  play  till  near  the  end  of  contrac- 
tion* 
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'Work  done  by  tf  usolea. 
Wc  haTo  seen  {p.  157)  that  icorl  is  estimftted  by  multiplying 
the  weight  misfd,  by  the  height  through  which  it  has  been  lifted. 
It  has  been  found  that  iu  order  to  obtain  the  maximum  of  voric, 
ft  muscle  imiBt  bo  moderately  loaded :  if  the  weight  be  increased 
beyoud  a  certain  jioint,  the  muscle  becomes  strained  and  raises  the 
weight  tbrough  so  smalt  a  diatanco  that  lesa  work  ia  accomplished. 
If  the  load  is  still  further  increased  tlie  muscle  ia  completely 
OTertaxed,  cjiunot   raise   the  weight,   and  consequently  doea  no 


worli  at  all.    Practical  illustrations  of  these  facta  muat  bo  fiuBili" 
to  every  one. 

The  power  of  a  muscle  is  usually  measured  by  the  maxu*""* 
weiglit  whidi  it  will  support  without  strctchuig.  In  man  tbi*" 
readily  determined  by  weighting  the  body  to  such  an  extent  *"* 
it  can  110  longer  be  ritiscd  on  tiptoe ;  thus  the  power  of  the  <^ 
muscles  is  determined  (Wel)er). 

The  power  of  a  muscle  thus  estimated  depends  of  conne  ^r^ 
its  cross-section.     The  power  of  a  human  muscle  is  from  t*" 
three  times  as  great  as  a  frog's  muscle  of  the  same  sectional  '*'^ 

Fatigue  of  Huscle. — A  muscle  becomes  rapidly  ezh^"^ 


'  Fig.   287.     FatEgueoi 
«e  text.) 


^uf  moacle  (Bay  Lunkester).    (FwtxiJiO*''* 
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from  repeated  stimulation,  and  the  more  rapidly,  the  more  quickly 
the  induction  shocks  succeed  each  other. 

This  is  indicated  by  the  diminished  height  of  contraction  in 
the  accompanying  diagrams  (fig.  287).  It  will  be  seen  that  the 
vertical  lines,  which  indicate  the  extent  of  the  muscular  contrac- 
tion, decrease  in  length  from  left  to  right.  The  line  a  b  drawn 
along  the  tops  of  these  lines  is  termed  the  "  fatigue  curve."  It  is 
usually  a  straight  line. 

In  the  first  diagram  the  effects  of  a  short  rest  are  shown  : 
there  is  a  pause  of  three  minutes,  and  when  the  muscle  is  again 
stimulated  it  contracts  up  to  a',  but  the  recovery  is  only  tempor- 
ary, and  the  fatigue  curve,  after  a  few  more  contractions,  becomes 
continuous  with  that  before  the  rest. 

In  the  second  diagram  is  represented  the  effect  of  a  streani  of 
oxygenated  blood.  Here  w^e  have  a  sudden  restoration  of  energy : 
the  muscle  in  this  case  makes  an  entirely  fresh  start  from. a,  and 
the  new  fatigue  curve  is  parallel  to,  and  never  coincides  with  the 
old  one. 

A  fatigued  muscle  has  a  much  longer  "  latent  pcnod  "  than  a 
fresh  one.  The  slowness  with  which  muscles  respond  to  the  will 
when  fatigued  must  be  familiar  to  every  one. 

In  a  muscle  which  is  exhausted,  stimulation  only  causes  a 
contraction  producing  a  local  bulging  near  the  point  irritated. 
A  similar  effect  may  be  produced  in  a  fresh  muscle  by  a  sharp 
Wow,  as  in  striking  the  biceps  smartly  with  the  edge  of  the  hand, 
^hen  a  hard  muscular  swelling  is  instantly  formed. 

Acoompaniments  of  Mtisoalar  Contraction. — {i.)neat'm 
tieveloped  in  the  contraction  of  muscles.  Becqucrel  and  Breschet 
ibund,  with  the  thermo-multiplier,  about  1°  of  heat  produced  by 
^ach  forcible  contraction  of  a  man's  biceps ;  and  when  the  actions 
'Were  long  continued,  the  temperature  of  the  muscle  increased  2**. 
It  is  not  known  whether  this  development  of  heat  is  due  to 
"Oliemical  changes  ensuing  in  the  muscle,  or  to  the  friction  of  its 
fibres  vigorously  acting  :  in  either  case,  we  may  refer  to  it  a  part 
of  the  heat  developed  in  active  exercise  (p.  256). 

(2.)  Sound  is  said  to  be  produced  when  muscles  contract  forcibly, 
us  mentioned  above.  Dr.  Wollaston  showed  that  this  sound  might  be 
easily  heard  by  placing  the  tip  of  the  little  finger  in  the  ear,  and  then 
loaking  some  muscles  contract,  as  those  of  the  ball  oi  \\v^  >[)k«i\£^. 
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whose  sound  may  be  conducted  to  the  ear  through  the  substance 
of  the  hand  and  finger.  A  low  shaking  or  rumbling  sound  is  heard, 
the  height  and  loudness  of  the  note  being  in  direct  proportion  to 
the  force  and  quickness  of  the  muscular  action,  and  to  the  nimiber 
of  fibres  that  act  together,  or,  as  it  were,  in  time. 

(3.)  Changes  in  sliape, — The  mode  of  contixiction  in  the  trans- 
versely-striated muscular  tissue  has  been  much  disputed.  The 
most  probable  accoimt  is,  that  the  contraction  is  effected  by 
an  approximation  of  the  constituent  parts  of  the  fibrils, 
which,  at  the  instant  of  contraction,  without  any  alteration  in 
their  general  direction,  become  closer,  flatter,  and  wider;  a 
condition  which  is  rendered  evident  by  the  approximation  of  the 
transverse  strio)  seen  on  the  surface  of  the  fasciculus,  and  by 
its  increased  breadth  and  thickness.  The  appearance  of  the 
zigzag  lines  into  which  it  was  supposed  the  fibres  are  thrown 
in  contraction,  is  due  to  the  relaxation  of  a  fibre  which  has  been 
recently  contracted,  and  is  not  at  once  stretched  again  by  some 
antagonist  fibre,  or  whose  extremities  are  kept  close  together  by 
the  contractions  of  other  fibres.  The  contraction  is  therefore  a 
simple,  and,  according  to  Ed.  Wel>er,  an  uniform,  simultaneous, 
and  steady  shortening  of  each  fibre  and  its  contents.  What  each 
fibril  or  fibre  loses  in  length,  it  gains  m  thickness :  the  contraction 
is  a  change  of  form  not  of  size  ;  it  is,  therefore,  not  attended  with 
any  diminution  in  bulk,  from  condensation  of  the  tissue.  This 
has  been  proved  for  entire  muscles,  l)y  making  a  mass  of  muscle, 
or  many  fibres  together,  contract  in  a  vessel  full  of  water,  with 
which  a  fine,  perpendicular,  graduated  tube  commimicates.  Any 
diminution  of  the  bulk  of  the  contracting  muscle  would  be 
attended  by  a  fiill  of  fluid  in  the  tube  ;  but  when  the  experiment 
is  carefully  performed,  the  level  of  the  water  in  the  tube  remains 
the  same,  whether  the  muscle  be  contracted  or  not. 

Edward  Webcr,  however,  states  that  a  very  slight  diminntion  docs  take 
place  in  the  bulk  of  a  contracting  muscle ;  but  it  is  so  slight  as  to  be 
practically  of  no  moment. 

In  thus  shortening,  muscles  appear  to  swell  up,  becoming 
rounder,  more  prominent,  harder,  and  apparently  tougher.  But 
this  hardness  of  muscle  in  the  state  of  contraction,  is  not  due  to 
increased  firmne^  ox  eond^xvaatlon  of  the  muscular  tissae,  but  to 
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the  increased  tension  to  which  the  fibres,  as  well  as  their  tendons 
and  other  tissues,  are  subjected  from  the  resistance  ordinarily 
opposed  to  their  contraction.  When  no  resistance  is  offered,  as 
when  a  muscle  is  cut  off  from  ifcs  tendon,  not  only  is  no  hardness 
perceived  during  contraction,  but  the  muscular  tissue  is  even 
softer,  more  extensile,  and  less  elastic  than  in  its  ordinary  uncon- 
tracted  state  (Ed.  Weber). 

(4.)  Cliemical  clutnges. — (a)  The  reaction  of  the  muscle  which 
is  normally  alkaline  or  neutral  becomes  decidedly  acid,  from  the 
development  of  sarcolactic  acid.  (6)  The  muscle  gives  out  car- 
bonic acid  gas  and  takes  up  oxygen,  the  amount  of  the  CO,  given 
out  not  appearing  to  be  entirely  dependent  upon  the  0  taken  in, 
and  so  doubtless  there  is  some  other  source  of  the  CO3.  (c)  Cer- 
tain imperfectly  understood  chemical  changes  occur,  in  all  pro- 
bability connected  with  (a)  and  (6). 

(5.)  Electrical  clutnges, — As  will  be  mentioned  further  on, 
certain  electrical  currents  appear  to  exist  naturally  in  muscles  at 
rest.  In  muscles  in  a  state  of  tetanus,  there  is  either  a  diminu- 
tion of  the  natural  current,  or  there  is  a  fresh  current  developed 
in  the  opposite  direction.     (Negative  variation.) 

Conditions  of  Contraction. — (a)  The  irritability  of  muscle  is 
greatest  at  a  certain  mean  temperature  ^  {b)  after  a  number  of  con- 
tractions a  muscle  gradually  becomes  exhausted ;  (c)  the  activity 
of  muscles  after  a  time  disappears  altogether  when  they  are  re- 
moved from  the  body  or  the  arteries  are  tied ;  (d)  oxygen  is  used 
up  in  muscuhu*  contraction,  but  a  muscle  will  act  for  a  time  in 
vacuo  or  a  gas  which  contains  no  oxygen :  in  this  case  it  is  of 
course  using  up  the  oxygen  already  in  store  (Hermann). 

Besponae  to  Stimuli — The  two  kinds  of  fibres,  the  striped 
and  unstriped,  have  characteristic  difierences  in  the  mode  in 
which  they  act  on  the  application  of  the  same  stimulus ;  differ- 
ences which  may  be  ascribed  in  great  part  to  their  respective 
differences  of  structure,  but  to  some  degree,  possibly,  to  their 
respective  modes  of  connection  with  the  nervous  system.  When 
irritation  is  applied  directly  to  a  muscle  with  striated  fibres,  or  to 
the  motor  nerve  supplying  it,  contraction  of  the  part  irritated, 
and  of  that  only,  ensues ;  and  this  contraction  is  instantaneous, 
and  ceases  on  the  instant  of  withdrawing  the  irritation.  But 
when  any  part  with  unstriped  muscular  fibres,  e.^.,  tiiQ  *v\i\j^\AXL<(2;& 
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or  bladder,  is  irritated,  the  subsequent  contraction  ensues  more 
slowly,  extends  beyond  the  part  irritated,  and,  with  alternating 
relaxation,  continues  for  some  time  after  the  withdrawal  of  tlie 
irritation.  Ed.  Weber  particularly  illustrated  the  difference  in 
the  modes  of  contraction  of  the  two  kinds  of  muscular  fibres  by 
the  effects  of  the  electro-magnetic  stimulus.  The  rapidly  suc- 
ceeding shocks  given  by  this  means  to  the  nerves  of  muscles  excite 
in  all  the  transversely- striated  muscles  a  fixed  state  of  tetanic 
contraction,  which  lasts  as  long  as  the  stimulus  is  continued,  and 
on  its  withdrawal  instantly  ceases ;  but  in  the  muscles  with 
smooth  fibres  they  excite,  if  any  movement,  only  one  that  ensues 
slowly,  is  comparatively  slight,  alternates  with  rest,  and  continues 
for  a  time  after  the  stimulus  is  withdrawn. 

In  their  mode  of  responding  to  these  stimuli,  all  the  volontaiy 
muscles,  or  those  with  transverse  strice,  are  alike ;  but  among 
those  with  plain  or  unstriped  fibres  there  are  many  differences, — a 
fact  which  tends  to  confirm  the  opinion  that  their  peculiarity 
depends  as  well  on  their  connection  with  nerves  and  ganglia  as  on 
their  own  properties.     According  to  Weber,  the  ureters  and  gall- 
bladder are  the  parts  least  excited  by  stimuli :  they  do  not  act  at 
all  till  the  stimulus  has  been  long  applied,  and  then  contract 
feebly,  and  to  a  small  extent.     The  contractions  of  the  caecum 
and  stomach  are  quicker  and  wider-spread  :  still  quicker  those  of 
the  iris,  and  of  the  imnary  bladder  if  it  be  not  too  full.    The 
actions  of  the  small  and  large  intestines,  of  the  vas  deferenfl^  and 
pregnant  uterus,  are  yet  more  vivid,  more  regular,  and  more  sus- 
tained ;  and  they  require  no  more  stimulus  than  that  of  the  air 
to  excite  thenL     The  heart,  on  account,  doubtless,  of  its  striated 
muscle,  is  the  quickest  and  most  vigorous  of  all  the  muscles  of 
organic  life  in  contracting  upon  irritation,  and  appears  in  this,  as 
in  nearly  all  other  respects,  to  be  the  connecting  member  d  tbe 
two  classes  of  muscles. 

All  the  muscles  retain  their  property  of  contracting  under  th* 
influence  of  stimuli  applied  to  them  or  to  their  nerves  for  some 
time  after  death,  the  period  being  longer  in  cold-blooded  th«o 
in  warm-blooded  Vertebrata,  and  shorter  in  Birds  than  ^ 
Mammalia.  It  would  seem  as  if  the  more  active  the  respiratory 
process  in  the  living  animal,  the  shorter  is  the  time  of  dnratiott 
of  the  irritabVWty  m  t\ve  muscles  after  death ;  and  this  ia  co»' 
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firmed  by*  the  oomparison  of  different  species  in  the  same  order 
of  Vertebrata.  But  the  period  during  which  this  irritability 
lasts,  is  not  the  same  in  all  persons,  nor  in  all  the  muscles  of  the 
same  persons.  In  a  man  it  ceases,  according  to  Nysten,  in  the 
following  order : — first  in  the  lefl  ventricle,  then  in  the  intestines 
and  stomach,  the  urinary  bladder,  right  ventricle,  oesophagus, 
iris  ;  then  in  the  voluntary  muscles  of  the  trunk,  lower  and  upper 
extremities  ;  lastly  in  the  right  and  left  auricle  of  the  heart. 

Bagor  Mortis. — After  the  muscles  of  the  dead  body  have  lost 
their  irritability  or  capability  of  being-  excited  to  contraction  by 
the  application  of  a  stimulus,  they  spontaneously  pass  into  a 
state  of  contraction,  apparently  identical  with  that  which  ensues 
during  life.  It  affects  all  the  muscles  of  the  body ;  and,  where 
external  circumstances  do  not  prevent  it,  commonly  fixes  the 
limbs  in  that  which  is  their  natural  posture  of  equilibrium  or  rest. 
Hence,  and  from  the  simultaneous  contraction  of  all  the  muscles 
of  the  trunk,  is  produced  a  general  stiffening  of  the  body,  consti- 
tuting the  rigor  mortis  or  post-mortem  rigidity. 

When  this  condition  has  set  in,  the  muscle  becomes  acid  in 
reaction  (due  to  sarco-lactic  acid),  and  gives  off  carbonic  acid  in 
great  excess.  Its  volume  is  slightly  diminished  :  the  muscular 
fibres  become  shortened  and  opaque,  and  their  substance  has  set 
firm.  It  comes  on  much  more  rapidly  after  muscular  activity, 
and  is  hastened  by  warmth.  It  may  be  brought  on,  in  muscles 
exposed  for  experiment,  by  the  action  of  distilled  water  and  many 
adds,  also  by  freezing  and  thawing  again. 

Cause. — The  immediate  cause  of  rigor  seems  coagidation  of 

he    myosin    (Briicke,    KUhne,    Norris).      We   may  distinguish 

bree  main  stages. — (i.)  Gradual  coagiUation.     (2.)  Contraction 

r  ooagulated    myosin    and    squeezing    out    of    muscle-serum. 

.)  Putrefaction. 

After  the  first  stage,  restoration  is  possible  through  the  circu- 

ion  of  arterial  blood  through  the  muscles  (Brown-Sequard) ; 

I  even  when  the  second  stage  has   set  in,  vitality  may  be 

ared  by  dissolving  the  coagulum  of  the  muscle  in  salt  solu- 

and  passing  arterial  blood  through  its  vessels  (Hermann, 

ae).     In  the  third  stage  recovery  is  impossible. 

der  of  Oocorrence. — The  muscles  are  not  affected  simul- 

osly  by  post-mortem  contraction.     It  affects  the  iveck  wA 
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rst ;  next,  the  upper  extrcmitiea,  extending  from  above 
;  and  Inatly,  reaches  the  lower  lirabs  ;  in  some  rare 
[ly,  it  affeots  the  lower  estremities  before,  or  simtilta- 
.h,  the  uj)per  extremities.     It  iiaiially  oeaaea  in   the 
lich  it  began;  first  at  the  head,   then  in  the  upper 
and  lastly  in  the  lower  extremities.     It  never  cora- 
licr  tbim  ten  niinntes,  and  never   later   than  seven 
ileiilh  ;  and  ita  duration  is  greater  in  proportion  to 
of  ita  accesBion  (Sommer).     Heat  in  developed  during- 
of  a  muscular -fibre  iuto  the  condition  of  rigor  mortis 

dity  does  not  ensue  until  muacles  have  lost  the  eapa^ 
iig   excited   by  external   atimuli,   it   follows   that  all 
iCB  which  cause  a  8[)eedy  exhaustion  of  muscular  irri- 
lucc  au  e:\i-\y  oecurrencc  of  the  rigidity,  while  condi- 
hich  the  disappearance  of  tbo  irritability  is  delayed, 
led   by   a    tardy   onset   of  this  rigidity.      Hence    its 
iiTutice,  and  equally  speedy  departure  in  the  bodies 
exhausted  by  chronic  diseases;   and  its  tardy  onset 
rontinuaneo  after  sudden    death  from  acute  diseases. 
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causes  which  exhaust  the  irritability  of  the  muscles,  was  well  illustrated  in 
further  experiments  by  the  same  physiologist,  in  which  he  found  that  the 
rigor  mortis  ensued  far  more  rapidly,  and  lasted  for  a  shorter  period  in  those 
muscles  which  had  been  powerfully  electrified  just  before  death  than  those 
which  had  not  been  thus  acted  upon. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous 
existence  of  paralysis  in  a  part,  provided  the  paralysis  has  not 
been  attended  with  very  imperfect  nutrition  of  the  muscular 
tissue. 

The  rigidity  affects  the  involimtary  as  well  as  the  voluntary 
ipuscles,  whether  they  bo  constructed  of  striped  or  unstriped 
fibres.  The  rigidity  of  involuntary  muscles  with  striped  fibres 
is  shown  in  the  contraction  of  the  heart  after  death.  The 
contraction  of  the  muscles  with  unstriped  fibres  is  shown  by  an 
experiment  of  Valentin,  who  found  that  if  a  graduated  tube 
connected  with  a  portion  of  intestine  taken  from  a  recently-slain 
animal,  be  filled  with  water,  and  tied  at  the*  opposite  end,  the 
water  will  in  a  few  hours  rise  to  a  considerable  height  in  the  tube, 
owing  to  the  contraction  of  the  intestinal  walls.  It  is  still  better 
shown  in  the  arteries,  of  which  all  that  have  muscular  coats  con- 
tract after  death,  and  thus  present  the  roundness  and  cord-like 
feel  of  the  arteries  of  a  limb  lately  removed,  or  those  of  a  body 
recently  dead.  Subsequently  they  relax,  as  do  all  the  other 
muscles,  and  feel  lax  and  flabby,  and  lie  as  if  flattened,  and  with 
their  walls  nearly  in  contact. 

Actions  of  the  Voluntary  Muscles. 

The  greater  part  of  the  voluntary  muscles  of  the  body  act  as 
sources  of  power  for  removing  levers, — the  latter  consisting  of  the 
various  bones  to  which  the  muscles  arc  attached. 

All  lerers  have  been  divided  into  three  kinds,  according  to  the  relative 
poation  of  the  powers  the  weight  to  bo  removed,  and  the  axi^  of  motion  or 
fHentm,  In  a  lever  of  the  first  kind  the  poiver  is  at  one  extremity  of  the 
fever,  the  freight  at  the  other,  and  the  fvJcrum  between  the  two.  If  the 
^lUtial  letters  only  of  the  power,  weighty  and  fulcrum  be  used,  the  arrange- 
'^tcnt  will  stand  thus  : — P.F.W.  A  poker,  as  ordinarily  used,  or  the  bar  in 
^,  388,  may  be  cited  as  an  example  of  this  variety  of  lerer  ;  while,  as  an 
"ttnnrr  in  which  the  bones  of  the  human  skeleton  are  used  as  a  lever  of  the 
^(&e  kind,  may  be  mentioned  the  act  of  raising  the  body  from  the  stooping 
Poatnre  by  means  of  the  hamstring  muscles  attached  to  the  tuberosity  ot  \}ti<(^ 
^^dbdnm  (fig.  288). 

Q  d  ^ 
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I  of  the  second  kind,  tlie  ajTun^ment  is  thus  : — P.W.F'.  ;  aadtbui 

Hmploycd  in  the  act  of  raising  the  handles  of  a  wheelbarrow,  or 

n  elastic  band  as  in  fig.  3&g.     In  the  human  hiidf  tbi;  act  of 


'ky^^"^^ 


Imoatb  b;  depressing  the  lower  jaw,  is  an  example  of  the  same 
1  of  the  muscles  which  close  the  jaw  representing   tho 


Iq  the  bnman  bodr,  leren  are  most  frcqaently  used  at  a  disadrantage  as 
K»fds  power,  the  latter  being  eacrfficed  for  the  eake  of  a  greater  range  of 
lOtion.  Thne  in  the  diagrams  of  the  first  and  third  kinds  it  is  evident  that 
le  power  is  bo  close  to  the  fiilonmi,  that  great  force  muBt  be  eserciaed  in 


;dei  to  produce  motion.  It  is  also  evident,  however,  from  the  same  dia- 
rama,  that  by  the  closeness  of  the  power  lo  the  fulcrum  a  great  range  of 
lovement  can  be  obtained  b;  means  of  a  cumpamtivel;  slight  shortening  of 
le  mnscnlnr  fibres. 

The  greater  aumbor  of  the  more  important  muitcular  actions 
f  the  hunmn  body — those,  namely,  which  (vro  arranged  hormo- 
iously  80  as  to  eubserve  some  definite  purpose  or  other  in  the 
Qimal  economy — are  described  in  various  parts  of  this  work,  in 
he  sections  which  treat  of  the  physioli^^y  of  the  processes  by 
rbich  these  muscular  actions  are  resisted  or  carried  out.  There 
re,  however,  ono  or  two  very  important  and  somewhat  compli- 
ated  muscular  acts  which  may  be  beat  described  in  this  place. 

WaHang. — In  the  act  of  walking,  almost  cverj  voluntary  muscle  in  the 
ndy  is  brought  into  plnj,  either  directly  for  purposes  of  progression,  or  in- 
inctly  for  the  proper  bolancing  of  the  head  and  trunk.  The  muscles  of  the 
nu  aie  least  concerned  ;  but  even  these  arc  for  the  most  part  instinctively 
n  action  also  to  some  extent. 

AawDg  the  chief  moscles  engaged  directly  in  the  act  of  nalking  are  those 
4  the  calf,  and  the  deep  flexors  at  the  bock  of  the  leg,  which,  by  palling  up 
iK  heel,  poll  np  also  the  astragalus,  and  with  it,  of  course,  the  whole  body, 
4i  weight  of  which  is  transmitted  through  the  tibia  to  this  bone  (fig.  291). 
WhODnartingto  walk,  say  with  the  left  leg,  thisraisiugof  the  body  is  not  left 
Wrelf  to  these  muscles,  but  the  trunk  ia  thrown  forward  in  such  a  way  that 
kwoold  fall  prostrate  were  it  not  tlmt  the  right  foot  is  brought  forward  and 
lluted  on  the  ground  lo  support  it.  Thus  the  muscles  of  the  left  calf,  kc, 
■SMDsted  in  their  action  by  those  muscles  on  (he /ronC  of  thetrw\Vaii&\e^a 
VUcli,  by  their  contraction,  pull  the  body  forwards ;  and,  ol  coutac,  \i  ftw 
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trunk  form  a  slanting  line,  with  the  inclination  forwards,  it  is  plain  that 
when  the  heel  is  raised  by  the  calf -muscles,  the  whole  body  will  be  raised, 
and  pushed  obliquely  forwards  and  upwards.  The  successive  acts  in 
taking  the  first  step  in  walking  are  represented  in  fig.  291,  i,  2,  3. 

Now  it  is  evident  that  by  the  time  the  body  has  assumed  the  position 
No.  3,  it  is  time  that  the  right  leg  should  be  brought  forward  to  support  it 
and  prevent  it  from  falling  prostrate.  This  advance  of  the  other  leg  (in  this 
case  the  right)  is  effected  partly  by  its  mechanically  swinging  forwards, 
pendulum-wiee,  and  partly  by  muscular  action  ;  the  muscles  used  being,— 
uty  those  on  the  front  of  the  thigh^  which  bend  the  thigh  forwards  on  the 
pelvis,  especially  the  rectus  femoris,  with  the  psoas  and  the  iliacus  ;  2ndl^, 
the  hamstring  muscles,  which  slightly  bend  the  leg  on  the  thigh  ;  and  ydly, 
the  muscles  on  the  front  of  the  leg^  which  raise  the  front  of  the  foot  and  toes, 
and  so  prevent  the  latter  in  swinging  forwards  from  hitching  in  the  ground. 

The  second  part  of  the  act  of  walking,  which  has  been  just  described,  ii^ 
shown  in  the  diagram  (4,  fig.  291). 

When  the  right  foot  has  reached  the  ground  the  action  of  the  left  leg  has  not 
ceased.  The  calf -muscles  and  deep  flexors  of  the  latter  continae  to  act,  and  by 
pulling  up  the  heel,  throw  the  body  still  more  forwards  over  the  right  1^,  now 

Fig.  291. 


bearing  nearly  the  whole  weight,  until  it  is  time  that  in  t7#  turn  the  Ifft  ^^i 
should  swing  forwards,  and  the  left  foot  be  planted  on  the  ground  to  preTent 
the  body  from  falling  prostrate.  As  at  first,  while  the  calf-muscles  of  oc<? 
leg  and  foot  are  preparing,  so  to  speak,  Xopn^h  the  body  forward  and  up- 
ward from  behind  by  raising  the  heel,  the  muscles  on  thxi  front  of  the  tiun'^ 
and  of  the  same  leg  (and  of  the  other  leg,  except  when  it  is  swinging  i^' 
wards)  are  helping  the  acUhy  j^fdling  the  legs  and  trunk,  so  as  to  make  tbein 
incline  forward,  the  rotation  in  the  inclining  forwards  being  effected  maiujy 
at  the  ankle-joint.  Two  main  kinds  of  leverage  are,  therefore,  employ^  "' 
the  act  of  walking,  and  if  this  idea  be  firmly  grasped,  the  detail  will  l^* 
understood  with  comparative  ease.  One  kind  of  leverage  employed  10 
walking  is  essentially  the  same  with  that  employed  in  pulling  forward  th? 
pole,  as  in  fig.  290.  And  the  other,  less  exactly,  is  that  employed  in  rais"'? 
the  handles  of  a  wheelbarrow.  Now,  supposing  the  lower  end  of  the  I*'*' 
to  be  placed  in  the  barrow,  we  should  have  a  very  rough  and  inelegant,  bflt 
not  altogether  bad  representation  of  the  two  main  levers  employed  in  tl»e*f" 
of  walking.  The  body  is  pulled  forward  by  the  muscles  in  front,  mncb  in 
the  same  way  l\iat  \.\v5i  \vole  might  be  by  the  force  applied  at  P.  (fig.  ^^ 
while  the  raismg  ol  \!i[v^\v^^\  ^sxv^  ]}u«V\tiq  iQtwards  of  the  trunk  by  the  cs^'' 
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muscles  is  nmghly  repreaented  oa  raisiiig  the  handles  ol  the  barrow.  Tho 
majuier  in  which  the«e  actions  arc  performed  alternately  by  each  leg,  ho  that 
one  after  the  other  is  Bwung  forwards  to  impport  the  tmnk,  which  ie  at  the 
same  time  ptuhed  and  pulled  forwards  by  the  mueclcs  of  the  other,  may  be 
gathered  from  the  preriouB  description. 

There  is  one  more  thing  to  be  noticed  especially  in  the  act  of  nalklng. 
loasmacfa  as  the  body  is  being  constantly  supported  and  balanced  on  each 
leg  alternately,  and  therefore  oo  only  one  at  the  came  moment,  it  is  evident 
that  there  must  be  some  provision  made  for  throwing  the  centre  of  gravity 
over  the  line  of  support  formed  by  the  bones  of  cdcIi  leg,  an,  in  its  turn,  it 
sapporta  the  weight  of  the  body.  This  may  lie  done  in  various  ways,  and 
the  maimer  in  which  it  is  effected  is  one  element  in  the  differences  which 
exist  in  the  walking  of  different  people.  Thus  it  may  be  done  by  an  in- 
stinctiTe  slight  rotation  of  the  pelvis  on  the  head  of  each  femur  ia  torn,  in 
such  B  manner  that  the  centre  of  gravity  of  the  body  chall  fall  over  the  foot 


of  this  dde.  Thus  when  the  body  is  pushed  onwards  and  upwaida  by  the 
nifliiig,  iay,  of  tho  ri^kt  heel,  as  in  fig,  291, 3,  the  pelvis  is  instinctively 
by  various  muscles,  made  to  rotate  on  the  head  of  the  left  femnr  at  the  ace- 
tabolom,  to  the  left  side,  so  tliat  the  weight  may  Mi  over  the  line  of  support 
framed  by  the  left  leg  at  the  time  that  tho  'iglit  leg  is  swinging  forwards, 
and  leaving  all  the  work  of  support  to  fall  on  its  fellow.  Such  a  "  rocking  " 
movement  of  the  tmnii  and  pelvis,  however,  is  accompanied  by  a  movement 
tA  tlie  whole  trank  and  leg  over  Ihu  foot  which  is  being  planted  on  the 
ground  (fig.  292) ;  the  action  being  accompanied  with  n  compensatory  out- 
ward movement  at  the  hip,  more  easily  appreciated  by  looking  ot  the  figure 
(in  which  this  movement  ie  shown  einpgerattd)  Ihon  described. 
Tbu  the  body  in  walking  is  continually  riaing  and  Gwe^^  ti\\cTnB.V&^ 
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to  lilt'  otbc^r,  ns  its  centre  of  gravitj'  hns  to  be  brouglit  altei- 
t  or  other  leg  :  imd  the  curvaturcB  of  the  spino  nre  altered  in 
c  with  the  Tarjing  position  of  the  weight  which  it  hu  to 
citcBt  to  which  the  bodj-  is  raiEcd  or  swajcd  didera  much  in 

one  foot  or  the  other  is  alwajs  on  the  [trounii.  The  act  ot 
txping,  cunsiBta  in  so  Budilcn  i\  rsiEmig  at  the  hceht  bj  the  itborp 
Imtraction  of  the  coIf-niiiBclcs,  that  the  body  is  jerked  off  the 
lime  the  efiect  is  much  tDcrcaacd  bj  first  bending  the 
He  pelvis,  and  the  legi  □□  the  thighs,  and  then  auddenlj 
it  the  angles  thns  formed.  The  share  which  this  action  haa 
I  the  effect  msj  be  easily  known  by  attempting  to  leap  in  the 

mth  the  legs  quite  straight. 
I  performed  by  a  uericst  of  mpid  low  jumps  with  each  leg  allex- 
,  (luring  encb  complete  muscular  act  conoemcd,  there  is  a 
n  buth  feet  are  off  the  ground. 

a,  bowoTer,  the  desciiption  of  tbc  manner  in  which  any 
f  produced,  can  give  but  n  very  imperfect  idea  of  the  infinite 
pombincd  nnd  humoniomiljr  arranged   muscular  contractions 
sury  for  even  the  xim  pleat  acts  ol  locomotion. 

I  of  the   Involuntary  Musoles. — TLo   involuntary 

Lir  the  moBt  part  not   attacbcd  to  bones  armuged  to 

l)ut  euter  into  the  fornintiou  of  such  hollow  parts  aa 

miniition  of  their  calilire  by  muHCulftr  action,  iinder 

iircumntanca.     Eiamnlea  of  this  action  arc  to  lie  fonnd 
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certain  "  wear  and  tear,"  which  may  be  represented  by  a  slight 
increase  in  the  quantity  of  urea  excreted :  but  it  is  not  the 
correlative  expression  or  onli/  source  of  the  power  manifested. 
The  increase  in  the  amount  of  urea  which  is  excreted  after 
musciUai*  exertion  is  by  no  means  so  great  as  was  formerly  sup- 
posed ;  indeed,  it  is  very  slight.  And  as  there  is  no  reason  to 
believe  that  the  waste  of  Inuscle-substance  can  be  expressed, 
with  unimportant  exceptions,  in  any  other  way  than  by  an 
increased  excretion  of  urea,  it  is  evident  that  we  must  look  else- 
where than  in  destruction  of  muscle,  for  the  source  of  muscular 
action.  For,  it  need  scarcely  bo  said,  all  force  manifested  in  the* 
living  body  must  be  the  correlative  expression  of  force  previously 
latent  in  the  food  eaten  or  the  tissue  formed  ;  and  evidences  of 
force  expended  in  the  body  must  be  found  in  the  excreta.  If, 
therefore,  the  nitrogenous  excreta,  represented  chiefly  by  urea, 
are  not  in  sufficient  quantity  to  account  for  the  work  done,  we 
most  look  to  the  non-nitrogenous  excreta  as  carbonic  acid  and 
water,  which,  presumably,  cannot  be  the  expression  of  wasted 
muscle-substance. 

The  quantity  of  these  non-nitrogenous  excreta  is  imdoubtedly 
increased  by  active  muscular  efforts,  and  to  a  considerable  extent ; 
and  whatever  may  be  the  source  of  the  water,  the  carbonic  acid, 
at  least,  is  the  result  of  chemical  action  in  the  system,  and  espe- 
cially of  the  combustion  of  non-nitrogenous  food,  although,  doubt- 
less, of  nitrogenous  food  also.  We  are,  therefore,  driven  to  the 
conclusion, — that  the  substance  of  muscles  is  not  wasted  in  pro- 
portion to  the  work  they  perform  ;  and  that  the  non-nitrogenous 
as  well  as  the  nitrogenous  foods  may,  in  their  combustion,  afford 
the  requisite  conditions  for  muscular  action.  The  urgent  neces- 
sity for  nitrogenous  food,  especially  after  exercise,  is  probably  due 
more  to  the  need  of  nutrition  by  the  exhausted  muscles  and  other 
tissues  for  which,  of  course,  nitrogen  is  essential,  than  to  such 
food  being  superior  to  non-nitrogenous  substances  as  a  source  of 
muscular  power. 

Electric  Currents  in  Muscle  and  19'erve. 

If  a  living  muscle  or  nerve  be  cut  transversely  at  two  points 
and  the  intervening  portion  removed,  evidence  may  be  obtained 
by  the   deflection  of  the  needle  of   a    delicate  g^B^^^xsiom^V^'c, 
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liTcuts  passing  fi'om  tiic  middle  of  the  longitudinitl 
f  centre  of  cither  of  the  ortifiuial  traiisverse  Biirfaoes 
In  tho  case  of  miisclc  thc3u  uwrreuta  cease 
I  rigor  viurtin  is  established. 

}  tctauiscd  by  tho  electric  stimulation  of  its 

Ithe  natural  current  in  the  muscle,  alwve  described, 

r  may  be  oven  reversed.     Similar  effects  nre  pro- 

ve  by  its  electric  stimulation.     This  phenomcuon 

c  name  of  Ntgative  Vtiriation.  This  bos  been  before 

J  current  pnuscd  through  a  norvo  may  increase  or 
fctreugtb  of  the  natural  electric  current  in  the  nerve. 
Iiataut  electric  current  enters  a  nerve,  the  natural 
t  some  distance  from  the  electrodes  is  affected 
Lale  time  of  the  pasaago  uf  the  constant  current " 
).  When  these  two  currents  liavc  the  same  direc- 
I  current  ia  increased ;  when  coutriuy  directions, 
lirrent  is  diminished.  The  name  ekctrotonia  is  given 
L  of  tho  nerve  which  exists  during  the  time  of 
llation. 
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(tibial)  contract.  In  this  case  the  current  must  be  conducted  along  the  pero- 
neal nerve  to  the  sciatic  trunk,  and  thence  downwards  along  the  tibial  nerve 
to  the  muscles  which  it  supplies  ;  inasmuch  as  no  reflex  action  through  a 
nerve-centre  (spinal  cord)  is  possible  on  account  of  the  severance  of  the 
sciatic  trunk.  This  so-called  "  paradoxical  contraction ''  of  muscle  is  ex- 
plained by  Du  Bois-Reymond  on  the  supposition  that  the  proximity  of  the 
fibres  belonging  to  the  two  branches,  in  the  main  trunk,  gives  an  oppor- 
tunity for  the  sudden  appearance  of  the  electrotonic  current  in  the  one  to  act 
as  a  stimulus  to  the  other. 


CHAPTER  XX. 

THB   VOICE    AND    SPEECH. 

In  nearly  all  air-breathing  vertebrate  animals  there  are  arrange- 
ments for  the  production  of  sound,  or  voice,  in  some  part  of  the 
respiratory  apparatus.  In  many  animals,  the  sound  admits  of 
being  variously  modified  and  altered  diu-ing  and  after  its  produc- 
tion ;  and,  in  man,  one  such  modification  occiuring  in  obedience 
to  dictates  of  the  cerebrum,  is  speech. 

Mode  of  Production  of  the  Human  Voice. 

It  has  been  proved  by  observations  on  living  subjects,  by 
means  of  the  laryngoscope,  as  well  as  by  experiments  on  the 
larynx  taken  from  the  dead  body,  that  the  sound  of  the  human 
voice  is  the  result  of  the  inferior  laryngeal  ligaments,  or  true 
vocal  cords  (A,  cv,  fig.  297)  which  bound  the  glottis,  being  thrown 
into  vibration  by  currents  of  expired  air  impelled  over  their  edges. 
Thus,  if  a  free  opening  exists  in  the  trachea,  the  soimd  of  the 
voice  ceases,  but  returns  if  the  opening  is  dosed.  An  opening 
into  the  air-passages  above  the  glottis,  on  the  contrary,  docs  not 
prevent  the  voice  being  formed.  Injiuy  of  the  laryngeal  nerves 
supplying  the  muscles  which  move  the  vocal  cords  puts  an  end  to 
the  formation  of  vocal  sounds ;  and  when  these  nerves  are  divided 
on  both  sides,  the  loss  of  voice  is  complete.  Moreover,  by  forcing 
a  current  of  air  through  the  larynx  in  the  dead  subject,  clear 
vocal  sounds  are  produced,  though  the  epiglottis,  the  upper  liga- 
ments of  the  larynx  or  false  vocal  cords,  the  ventricles  between. 
them  and  the  inferior  ligaments  or  true  vocal  coTda,«Ji^  >i\ie  >\\i^^ 
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loid  cartila^cii,  i>o  nil  i-cmovcd ;  provided   tlic 

tmaiu  entire,  with  their  point*  t>f  tittachment, 

and  be  kept  tcww  aud  so  ap- 

33' '  proitimated  that  the  fifiaui-o  of 

the  glottis  may  ho  narrow. 

The  vocal  liganieuts  or  conl, 
therefore,  may  bo  regarded  as 
the  pro[>er  organs  of  the  mere 
voioe  :  the  mod ifieat ions  of  the 
voice  being  effected  by  other 
jiarts — touguo,  teeth,  lipa,  etc., 
aa  well  as  by  them.  The 
structure  of  the  vocal  cords 
is  adapted  t«  enable  them  to 
vibrate  like  tense  membranes, 
for  they  are  essentially  com- 
posed of  elastic  tisaue ;  aud 
they  are  so  attached  to  the 
cartilaginons  parts  of  the 
larjns  that  their  position  and 
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entraoce  and  exit  of  air  to  or  from  the  lungs,  but  also  can  be 
stretched  or  relaxed,  shortened  or  lei^hened,  in  accordance  with 
the  conditions  that  may 
be  necessary  for  the  air 
in  passing  over  tbem,  to 
set  tbem  vibrating  and 
produce  various  sounds. 
Their  action  in  respiration 
has  been  already  referred 
to  (p.  231)-  In  the  present 
chapter  the  sound  pro- 
duced by  the  vibration  of 
the  vocal  cords  is  the  only 
part  of  their  function  with 
which  we  have  to  deal. 

Anatomy  of  the 
Iiarynx.— It  will  be  well, 
perhaps,  to  refer  to  a  few 
points  in  the  anatomy  of  the 
larjnr,  before  considering  iln 
phyBioiogy  in  eoonectiou  with 
voice  and  speech. 

The  priocipal  parts  entering 
into  the  formation  of  tbe  larynx 
(figs.  293  and  294)  are — (t)  the 
thyroid  cartili^ ;  (c)  thecricoid 
cartilage;  (o)  the  two  arytenoid 
cartilages ;  and  the  two  true 
vocal  corda  (A,  er,  lig.  297). 
Tbe  epiglottis  (fig.  293  e),  has 
bnt  little  to  do  with  the  voice, 
and  is  chiefly  nsefol  in  (ailing 
down  as  a  "  lid  "  over  the  oppcr 
part  of  the  larynx,  to  help  in 
preventing  the  entrance  of  food 
and  drink  in  deglutition.  It 
also  probably  guides  mucus  or 
other  fluids  in   small  amount 

*  Fig.  394.  Outline  shoning  the  general  fona  of  the  larynx,  trachea,  and 
bnmchi,  as  seen  from  behind,  i. — ft,  great  comu  of  the  hyotd  hone  ;  (, 
•aperior,  and  If,  the  inferior  comu  of  the  thyroid  cartilage ;  e,  the  epiglottis ; 
a,  points  to  the  back  of  both  the  arytenoid  cartilages,  which  are  surmounted 
1^  the  comioula  ;  e,  the  middle  ridge  on  the  back  of  the  cricoid  cartilage ; 
tr,  tbe  poatfrior  membraooos  port  of  the  trachea  ;  h,  V,  right  and  left  bcooda. 
(AIUbT 
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were,  the  cricoid  between  them,  but  not  so  tightly  but  that  the  thyroid  can 
rcYolye,  within  a  certain  range,  around  an  axis  passing  transversely  through 
the  two  joints  at  which  the  cricoid  is  clasped.  The  vocal  cords  are  attached 
(behind)  to  the  front  portion  of  the  base  of  the  arytenoid  cartilages,  and  (in 
front)  to  the  re-entering  angle  at  the  back  part  of  the  thyroid  ;  it  is  evident, 
therefore,  that  all  movements  of  either  of  these  cartilages  must  produce  an 
effect  on  them  of  some  kind  or  other.  Inasmuch,  too,  as  the  arytenoid 
cartilages  rest  on  the  top  of  the  back  portion  of  the  cricoid  cartilage  (tf, 
fig.  294),  and  are  connected  with  it  by  capsular  and  other  ligaments,  all 
movements  of  the  cricoid  cartilage  must  move  the  arytenoid  cartilages,  and 
also  produce  an  effect  on  the  vocal  cords. 

Intrinsic  Muscles. — The  so-called  intri7mc  muscles  of  the  larynx,  or 
those  which,  in  their  action,  have  a  direct  action  on  the  vocal  cords,  are  nine 
in  number — four  pairs,  and  a  single  muscle  ;  namely,  two  cHco-thyroid 
muscles,  two  thyro-arytenoid,  two  posterior  crico-arytenoldy  two  hiteral 
vrico-arytcnoidy  and  one  arytenaid  muscle.  Their  actions  are  as  follows  : — 
When  the  crtco-tli yroid  muscles  (10,  fig.  296)  contract,  they  rotate  the  cricoid 
on  the  thyroid  cartilage  in  such  a  manner  that  the  upper  and  back  part  of 
the  former,  and  of  nece^ity  the  arytenoid  cartilages  on  the  top  of  it,  are 
tipped  backwards,  while  the  thyroid  is  inclined  forward  :  and  thus,  of  course, 
the  vocal  cords  being  attached  in  front  to  one,  and  behind  to  the  other,  are 
**  put  on  the  stretch." 

The  thyro'Crytenoid  muscles  (7,  fig.  299),  on  the  other  hand,  have  an 
opposite  action, — pulling  the  thyroid  backwards,  and  the  arytetwid  and 
upper  and  back  part  of  the  cricoid  cartilages  forwards,  and  thus  7'el4ixing 
the  vocal  cords. 

The  crico'drytenoidei  pogtici  muscles  (fig.  298,  h)  dilate  the  glottis,  and 
separate  the  vocal  cords,  the  one  from  the  other,  by  an  action  on  the  ary- 
tenoid cartilage,  which  will  be  plain  on  reference  to  b'  and  c*,  (fig.  297). 
By  their  contraction  they  tend  to  ptill  together  the  outer  angles  of  the 
arytenoid  cartilages  in  such  a  fashion  as  to  rotate  the  latter  at  their  joint 
with  the  cricoid,  and  of  course  to  throw  asunder  their  anterior  angles  to 
which  the  vocal  cords  are  attached. 

These  pouter  ior  crico-arjrtenoid  muscles  are  opposed  by  the  crico-arytenoidei 
laferal^gf  which,  pulling  in  the  opposite  direction  from  the  other  side  of  the 
axis  of  rotation,  have  of  course  exactly  the  opposite  effect,  and  close  the 
glottifl  (fig.  299,  5). 

The  aperture  of  the  glottis  can  be  also  contracted  by  the  arytenoid  muscle 
(«,  fig.  298,  and  6,  fig.  299),  which,  in  its  contraction,  pulls  together  the 
upper  parts  of  the  arytenoid  cartilages  between  which  it  extends. 

Nerve  Supply. — in  the  performance  of  the  functions  of  the  larynx 
the  sensory  filaments  of  the  pneumogastric  supply  that  acute  sensibility  by 
which  the  glottis  is  guarded  against  the  ingress  of  foreign  bodies,  or  of  irre- 
spirable  gases.  The  contact  of  these  stimulates  the  filaments  of  the  superior 
laryngeal  branch  of  the  pneumogastric  ;  and  the  impression  conveyed  to  the 
medulla  oblongata,  whether  it  produce  sensation  or  not,  is  refiected  to  the 
filaments  of  the  recurrent  or  inferior  laryngeal  branch,  and  excites  contrac- 
tion of  the  muscles  that  close  the  glottis.  Both  these  branches  of  pneumo- 
gastric oo-operate  also  in  the  production  and  regulation  of  the  voice  ;  the 
inferior  laryngeal  determining  the  contraction  of  the  muscles  that  vary  the 
tension  of  the  vocal  cord?,  and  the  superior  laryngeal  conveying  to  the  mind 
the  sensations  of  ^e  state  of  these  muscles  necessary  fox  \Yv^\t  eoTL\^xi^x.Q^3i& 
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guidance.  And  both  the  branches  co-operate  in  the  actions  of  the  larynx  in 
the  ordinary  slight  dilatation  and  contraction  of  the  glottis  in  the  acts  of 
expiration  and  inspiration,  and  more  evidently  in  those  of  oooghing  and 
other  forcible  respiratory  movements. 

Movements  of  the  Vocal  Cords. — ^Thc  placing  of  the  vocal 
cords  in  a  position  parallel  one  with  the  other,  is  effected  by  a 
combined  action  of  the  various  little  muscles  which  act  on  them 
— the  thyro-arytenoidei  having,  without  much  reason,  the  credit 
of  taking  the  largest  share  in  the  production  of  this  effect.  Fig. 
297  is  intended  to  show  the  various  positions  of  the  vocal  cords 
under  different  circumstances.  Thus,  in  ordinary  tranquil  breath- 
ing, the  opening  of  the  glottis  is  wide  and  triangular  (b)  becoming 
a  little  wider  at  each  inspiration,  and  a  httle  narrower  at  each 
expiration.  On  making  a  rapid  and  deep  inspiration  the  opening 
of  the  glottis  is  widely  dilated  (as  in  c),  and  somewhat  lozenge- 
shaped.  At  the  moment  of  the  emission  of  sound,  it  is  narrowed, 
the  margins  of  the  arytenoid  cartilages  being  brought  into  contact 
and  the  edges  of  the  vocal  cords  approximated  and  made  parallel, 
at  the  same  time  that  their  tension  is  much  increased.  The 
higher  the  note  produced,  the  tenser  do  the  cords  become  (fig. 
297,  a)  ;  and  the  range  of  a  voice  depends,  of  coiu^e,  in  the  main, 
on  the  extent  to  which  the  degree  of  tension  of  the  vocal  cords 
can  be  thus  altered.  In  the  production  of  a  high  note,  the  vocal 
cords  arc  brought  well  within  sight,  so  as  to  be  plainly  visible 
with  the  help  of  the  laryngoscope.  In  the  utterance  of  grave 
tones,  on  the  other  hand,  the  epiglottis  is  depressed  and  brought 
over  them,  and  the  arytenoid  cartilages  look  as  if  they  were  trying 
to  hide  themselves  under  it  (fig.  300). 

The  epiglottis,  by  being  somewhat  pressed  down  so  as  to 
cover  the  superior  cavity  of  the  larynx,  serves  to  render  the 
notes  deeper  in  tone,  and  at  the  same  time  somewhat  duller, 
just  as  covering  the  end  of  a  short  tube  placed  in  firont  of 
caoutchouc  tongues  lowers  the  tone.  In  no  other  respect  does 
the  epiglottis  appear  to  have  any  effect  in  modifying  the  vocal 
sounds. 

The  degree  of  approximation  of  the  vocal  cords  also  usuallT 
corresponds  with  the  height  of  the  note  produced ;  but  probablr 
not  always,  for  the  width  of  the  aperture  has  no  essential  influence 
on  the  height  of  the  note,  as  long  as  the  vocal  coids  have  the 
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*  Fig.  297.  Three  luyngoscapic  views  of  the  superior  ap«itiir«  of  the 
laqtix  and  snnvimdiBg  porta  and  differsnt  states  of  the  glottis  diuiiig  life 
(Czenoak). 

A,  the  glottis  during  the  emission  of  a  hi^  note  in  singing ;  B,  in  easy  and 
qniet  inhalation  of  air  ;  C,  in  the  state  of  widest  possible  dilatation,  as  in 
inhaling  a  very  deep  breath.  The  diagrams  A',  B',  and  C,  have  been  added 
to  Cieiinak'a  lignres,  to  show  in  horizontal  sections  of  the  glottis  the  pomtion 
of  the  Tocal  ligaments  and  arytenoid  cartilages  ia  the  three  several  states  re- 
presented  in  the  other  figures.  In  all  the  figures,  so  far  as  markad,  the  letters. 
indicate  the  parts  as  folloffs,  viz.  :  I,  the  base  of  the  tongue  ;  e,  the  Dpper  free 
part  of  the  epiglottis;  f,  the  tubercle  or  cushion  of  the  epiglottis ;  jiA,  part  of  the- 
anterior  wall  of  the  pharynx  behiuil  the  larynx ;  in  the  margin  of  the  aryteno- 
epiglottidean  fold  id,  the  swelling  of  the  membrane  caased  by  the  cartilnges 
of  Wiisbeig ;  (,  that  of  the  cartilages  of  Santorini  ;  a,  the  tip  or  somnlit  of 
the  aiytenoid  cartilages;  c  v,  the  true  vocal  cords  or  lips  of  the  rinu  glottidis; 
e «  «,  the  superior  or  false  vocal  cords  ;  between  them  the  ventricle  of  the 
larynx ;  in  C,  (r  is  placed  on  the  anterior  wall  of  the  receding  trachea,  and  & 
Indicates  the  commencement  of  the  two  bronchi  beyond  the  bifutcation  which 
niBy  be  brosgbt  into  view  in  this  state  of  extreme  dilatation  (from  Quain's 
Anatomy). 
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No  true  vocal  sound  is  produced  at  the  posterior  part  of  the 
aperture  of  the  glottis,  that,  viz.,  which  is  formed  by  the  space 
between  the  arytenoid  cartilagea  For,  as  Miiller's  experiments 
showed,  if  the  arytenoid  cartilages  be  approximated  in  such  a 
manner  that  their  anterior  processes  touch  each  other,  but  yet 
leave  an  opening  behind  them  as  well  as  in  front,  no  second 
vocal  tone  is  produced  by  the  passage  of  the  air  through  the 
posterior  opening,  but  merely  a  rustling  or  bubbling  sound ;  and 
the  height  or  pitch  of  the  note  produced  is  the  same  whether  the 
posterior  part  of  the  glottis  be  open  or  not,  provided  the  vocal 
cords  maintain  the  same  degree  of  tension. 

Application  of  the  Voice  in  Singing  and  Speaking. 

Varieties  of  Vocal  Sounds. — The  notes  of  the  voice  thus 
produced  may  observe  three  different  kinds  of  sequence.  Hie  first 
is  the  monotonous,  in  which  the  notes  have  nearly  all  the  same 
pitch  as  in  ordinary  speaking ;  the  variety  of  the  sounds  of  speech 
being  due  to  articulation  in  the  mouth.  In  speaking,  however, 
occasional  syllables  generally  receive  a  higher  intoaation  for  the 
sake  of  accent  I%e  second  mode  of  sequence  is  the  successive 
transition  fix)m  high  to  low  notes,  and  vice  versd,  without  intervals ; 
such  as  is  heard  in  the  soimds,  which,  as  expressions  of  passion, 
accompany  crying  in  men,  and  in  the  howling  and  whining  of  dogs. 
The  third  mode  of  sequence  of  the  vocal  sounds  is  the  musical,  in 
which  each  sound  has  a  determinate  number  of  vibrations,  and 
the  numbers  of  the  vibrations  in  the  successive  soimds  have 
the  same  relative  proportions  that  characterise  the  notes  of  the 
musical  scale. 

Compass  of  the  Voice. — In  different  individuals  this  compre- 
hends one,  two,  or  three  octaves.  In  singers — that  is,  in  persons 
apt  for  singing — it  extends  to  two  or  three  octaves.  But  the  male 
and  female  voices  commence  and  end  at  different  points  of  the 
musical  scale.  The  lowest  note  of  the  female  voice  is  about  an 
octave  higher  than  the  lowest  of  the  male  voice ;  the  highest  note 
of  the  female  voice  about  an  octave  higher  than  the  highest  of  the 
male.  The  compass  of  the  male  and  female  voices  taken  together, 
or  the  entire  scale  of  the  human  voice,  includes  about  four  octaves. 
The  principal  difference  between  the  male  and  female  '^cAca  \%^ 
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therefore,  in  their  pit<;h ;  but  they  are  also  distinguished  by  their 
tone, — the  male  voice  is  not  so  soft. 

Pitoh  and  Timbre. — The  voice  prebents  other  varieties  besides  that 
of  male  and  female ;  there  are  two  kinds  of  male  voice,  technically  called 
the  bass  and  tenor  and  two  kinds  of  female  voice,  the  contralto  and  soprano, 
all  differing  from  each  other  in  tone.  The  bass  voice  usually  reaches 
lower  than  the  tenor,  and  its  strength  lies  in  the  low  notes  ;  while  the  tenor 
voice  extends  higher  than  the  bass.  The  contralto  voice  has  generally  lower 
notes  than  the  soprano,  and  is  strongest  in  the  lower  notes  of  the  female 
voice  ;  while  the  soprano  voice  reaches  higher  in  the  scale.  But  the  differ- 
ence of  compass,  and  of  power  in  different  parts  of  the  scale,  is  not  the 
essential  distinction  between  the  different  voices;  for  bass  singers  can 
sometimes  go  very  high,  and  the  contralto  frequently  sings  the  high  notes 
like  soprano  singers.  The  essential  difference  between  the  bass  and  tenor 
voices,  and  between  the  contralto  and  soprano,  consists  in  their  tone  or 
*  timbre,*  which  distinguishes  them  even  when  they  are  singing  the  same 
note.  The  qualities  of  the  barytone  and  mezzo-soprano  voices  are  less 
marked  ;  the  barytone  being  intermediate,  Ixitween  the  bass  and  tenor,  the 
mezzo-soprano  between  the  contralto  and  soprano.  They  have  also  a  middle 
position  as  to  pitch  in  the  scale  of  the  male  and  female  voices. 

The  different  pitch  of  the  male  and  the  female  voices  depends  on  the 
different  length  of  the  vocal  cords  in  the  two  sexes  ;  their  relative  length  in 
men  and  women  l^eing  as  three  to  two.  The  difference  of  the  two  voices  in 
tone  or  *  timbre,'  is  owing  to  the  different  nature  and  form  of  the  resounding' 
walls,  which  in  the  male  larynx  are  much  more  extensive,  and  form  a  more 
acute  angle  anteriorly.  The  different  qualities  of  the  tenor  and  ba^  and  of 
the  alto  and  soprano  voices,  probably  de|xjnd  on  some  peculiarities  of  the 
ligaments,  and  the  membranous  and  cartilaginous  parietes  of  the  laryngeal 
cavity,  which  are  not  at  present  understood,  but  of  which  we  may  form  some 
idea,  by  recollecting  that  musical  instruments  made  of  different  materials 
e.ff.f  metallic  and  gut-strings,  may  be  tuned  to  the  same  note,  but  that  each 
will  give  it  with  a  peculiar  tone  or  '  timbre.' 

Varieties  of  Voices. — The   larj-nx   of  boys  resembles  the 
female  larynx ;  their  vocal  cords  before  puberty  have  not  two- 
thirds  the  length  which  they  acquire  at  that  period ;  and  the 
angle  of  their  thyroid  cartilage  is  as  little  prominent  as  in  the 
female  larynx.     Boys'  voices  are  alto  and  soprano,  resembliog  i^ 
pitch  those  of  women,  but  louder,  and  differing  somewhat  from 
them  in  tone.     But,  after  the  larynx  has  undei^ne  the  change 
produced  during  the  period  of  development  at  puberty,  the  bo/* 
voice  becomes  bass  or  tenor.    While  the  change  of  form  is  taking 
place,  the  voice  is  said  to  'crack;'  it  becomes  imperfect,  frequently 
hoarse  and  crowing,  and  is  unfitted  for  singing  imtil  the  new  tones 
are  brought  under  command  by  practice.     In  eunuchs,  who  h*^^ 
been  deprived  of  the  testes  before  puberty,  the  voice  does  n<^* 
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undergo  this  change.  The  voice  of  most  old  people  is  deficient  in 
tone,  unsteady,  and  more  restricted  in  extent :  the  first  defect  is 
owing  to  the  ossification  of  the  cartilages  of  the  larynx  and  •  the 
altered  condition  of  the  vocal  cord  ;  the  want  of  steadiness  arises 
fix)m  the  loss  of  nervous  power  and  command  over  the  muscles ; 
the  result  of  which  is  here,  as  in  other  parts,  a  tremulous 
motion.  These  two  causes  combined  render  the  voices  of  old 
people  void  of  tone,  unsteady,  bleating,  and  weak. 

In  any  class  of  persons  arranged,  as  in  an  orchestra,  according 
to  the  characters  of  voices,  each  would  possess,  with  the  general 
characteristics  of  a  bass,  or  tenor,  or  any  other  kind  of  voice, 
some  peculiar  character  by  which  his  voice  would  be  recognised 
from  all  the  rest.  The  conditions  that  determine  these  distinc- 
tions are,  however,  quite  unknown.  They  are  probably  inherent 
in  the  tissues  of  the  larynx,  and  are  as  indiscernible  as  the 
minute  differences  that  characterize  men's   features  ;   one  often 

■ 

observes,  in  like  manner,  hereditary  and  family  peculiarities  of 
voice,  as  well  marked  as  those  of  the  limbs  or  face. 

Most  persons,  particularly  men,  have  the  power,  if  at  all 
capable  of  singing,  of  modulating  their  voices  through  a  double 
series  of  notes  of  different  character :  namely,  the  notes  of  the 
natural  voice,  or  citest-notes,  and  the  falsetto  notes.  The  natural 
voice,  which  alone  has  been  hitherto  considered,  is  fuller,  and 
excites  a  distinct  sensation  of  much  stronger  vibration  and 
resonance  than  the  falsetto  voice,  which  has  more  a  flute-like 
character.  The  deeper  notes  of  the  male  voice  can  be  produced 
only  with  the  natural  voice,  the  highest  with  the  falsetto  only ; 
the  notes  of  middle  pitch  can  be  produced  either  with  the  natural 
or  falsetto  voice ;  the  two  registers  of  the  voice  are  therefore 
not  limited  in  such  a  manner  as  that  one  ends  when  the  other 
begins,  but  they  run  in  part  side  by  side. 

ICethod  of  the  Production  of  Notes. — The  natiural  or 
chest-notes,  are  produced  by  the  ordinary  vibrations  of  the  vocal 
Cords.  The  mode  of  production  of  the  falsetto  notes  is  still 
obscure. 

By  MUUer  the  falsetto  notes  were  thought  to  be  due  to  vibrations  of  only 
"Uie  inner  borders  of  the  vocal  cords.    In  the  opinion  of  Petrequin  and 
^day,  they  do  not  result  from  vibrations  of  the  vocal  cords  at  all,  bat  liwsx 
vibrations  of  the  air  passing  through  the  aperture  of  the  g\ott\B^  -wVMa.  V>Qe5 


The  strength  of  the  voice  ilcpi 
the  vocal  cords  cau  be  made  to  \ 
for  reBODancc  of  tbc  mcmbrimes 
the  parictes  of  the  thorax,  lui 
noBtrila,  and  cominuni eating  sin 
thing  which  interferes  witli  sud 
intensity  or  loudness  of  n  givei: 
same  '  pitch,'  cannot  be  rendered 
force  of  the  current  of  air  thro 
the  force  of  the  current  of  air, 
both  of  the  natural  and  the  fol 
possesses  the  power  of  increasing 
faintest  '  piano '  to  '  fortissimo '  n 
thero  must  be  some  means  of  coi 
vocal  cords  to  emit  a  higher  note 
of  air  is  increased.  This  means 
the  tension  of  the  vocal  cords.  V 
and  more  intense,  the  vocal  cords 
of  the  muscular  action,  in  nronort 


CHAP,  zx.]  AETICULATE    SOUNDS.  615 

the  palatine  arches  contribute  at  all  to  the  production  of  the 
higher  notes  of  the  natural  voice  and  the  falsetto,  it  can  only  be 
by  their  increased  tension  strengthening  the  resonance. 

The  office  of  the  ventricles  of  tlie  larynx  is  evidently  to  afford  a 
free  space  for  the  vibrations  of  the  lips  of  the  glottis ;  they 
may  be  compared  with  the  cavity  at  the  commencement  of  the 
mouth-piece  of  tnunpets,  which  allows  the  free  vibration  of  the 
lips. 

Speech. 

Besides  the  musical  tones  formed  in  the  larynx,  a  great  number 
of  other  sounds  can  be  produced  in  the  vocal  tubes,  between  the 
glottis  and  tho  external  apertures  of  the  air-passages,  the  com- 
bination of  which  sounds  by  the  agency  of  tho  cerebrum  into 
different  groups  to  designate  objects,  properties,  actions,  etc., 
constitutes  language.  The  languages  do  not  employ  all  the 
sounds  which  can  be  produced  in  this  manner,  the  combination  of 
some  with  others  being  often  difficult.  Those  sounds  which  are 
easy  of  combination  enter,  for  the  most  part,  into  the  formation 
of  the  greater  number  of  languages.  Each  language  contains  a 
certain  number  of  such  sounds,  but  in  no  one  are  all  brought 
together.  On  the  contrary,  different  languages  are  characterised 
by  the  prevalence  in  them  of  certain  classes  of  these  sounds,  while 
others  are  less  frequent  or  altogether  absent. 

Artioulate  Sounds. — The  soimds  produced  in  speech,  or 
ariicuUUe  sounds^  are  commonly  divided  into  vowels  and  consonants  : 
the  distinction  between  which  is,  that  the  soimds  for  the  former 
are  generated  by  the  larynx,  while  those  for  the  latter  are  pro- 
duced by  interruption  of  the  current  of  air  in  some  part  of  the 
air-passages  above  the  larynx.  Tho  term  consonant  has  been 
given  to  these  because  several  of  them  are  not  properly  sounded, 
except  consonantly  mth  a  vowel.  Thus,  if  it  be  attempted  to 
pronounce  aloud  the  consonants  b,  d,  and  g,  or  their  modifications, 
p,  t,  k,  the  intonation  only  follows  them  in  their  combination  with 
a  vowel. 

Properties  of  Articulate  Sounds. — To  recognize  the  essen- 
Ual  properties  of  the  articulate  sounds,  we  must,  according  to 
M^er,  first  examine  them  as  they  arc  produced  in  whispering, 
and  then  investigate  which  of  them  can  also  be  uXtoc^  vcl  ^ 
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modified  character  coiijoined  with  vocal  tone.  By  this  pro* 
cedure  we  find  two  series  of  sounds :  in  one  the  sounds  are  mute, 
and  cannot  be  uttered  with  a  vocal  tone ;  the  sounds  of  the  other 
series  can  be  formed  independently  of  voice,  but  are  also  capable 
of  being  uttered  in  conjunction  with  it 

All  the  vowels  can  be  expressed  in  a  whisper  without  vocal 
tone,  that  is,  mutely.  These  mute  vowel-sounds  differ,  howevery 
in  some  measure,  as  to  their  mode  of  production,  from  the 
consonants.  All  the  mute  consonants  are  formed  in  the  vocal- 
tube  above  the  glottis,  or  in  the  cavity  of  the  mouth  or  nose,  by 
the  mere  rushing  of  the  air  between  the  surfaces  differently 
modified  in  disposition.  But  the  sound  of  the  vowels,  even  when 
mute,  has  its  soiu'c^  in  the  glottis,  though  its  vocal  cords  are  not 
thrown  into  the  vibrations  necessary  for  the  production  of  voice ; 
and  the  sound  seems  to  be  produced  by  the  passage  of  the  current 
of  air  between  the  relaxed  vocal  cords.  The  same  vowel  sound 
can  be  produced  in  the  larynx  when  the  mouth  is  closed,  the 
nostrils  being  open,  and  the  utterance  of  all  vocal  tone  avoided. 
This  sound,  when  the  mouth  is  open,  is  so  modified  by  varied 
forms  of  the  oral  cavity,  as  to  assume  the  characters  of  the  vowels 
a,  e,  t,  0,  u,  in  all  their  modifications. 

The  cavity  of  the  mouth  assumes  the  same  form  for  the 
articulation  of  each  of  the  mute  vowels  as  for  the  corresponding 
vowel  when  vocalized ;  the  only  difference  in  the  two  cases  Ues 
in  the  kind  of  sound  emitted  by  the  larynx.  Krantzenstein  and 
Kempelen  have  pointed  out  that  the  conditions  necessary  for 
changing  one  and  the  same  sound  into  the  different  vowels,  are 
differences  in  the  size  of  two  parts — the  oral  canal  and  the  onl 
opening ;  and  the  same  is  the  case  with  regard  to  the  mute 
vowels.  By  oral  canal,  Kempelen  means  here  the  space  between 
the  tongue  and  palate  :  for  the  pronunciation  of  certain  vowels 
both  the  opening  of  the  mouth  and  the  space  just  mentioned  are 
widened;  for  the  pronunciation  of  other  vowels  both  are  con- 
tracted; and  for  others  one  is  wide,  the  other  contracted. 
Admitting  five  degrees  of  size,  both  of  the  opening  of  the  mouth 
and  of  the  space  between  the  tongue  and  palate,  Kempelen  thus 
states  the  dimensions  of  these  parts  for  the  following  vowel 
sounds : — 
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Vowel. 
a    asin 


a 
e 
o 
00 


» 


j» 


» 


»j 


Sound. 

*far' 

'name' 

'theme' 

•go' 

'cool' 


Size  of  oral  opening 

S 
4 

3 

2 

I 


Size  of  oral  canal. 

3 

2 

I 

4 
5 


Another  important  distinction  in  articulate  sounds  is,  that  the 
utterance  of  some  is  only  of  momentary  duration,  taking  place 
during  a  sudden  change  in  the  conformation  of  the  mouth,  and 
being  incapable  of  prolongation  by  a  continued  expiration.  To 
this  class  belong  h,  p,  d,  and  the  hard  g.  In  the  utterance  of 
other  consonants  the  sounds  may  be  contimious ;  they  may  be 
prolonged,  ad  libitum,  as  long  as  a  particular  disposition  of  the 
mouth  and  a  constant  expiration  are  maintained.  Among  these 
consonants  are  h,  m,  n,  /,  s,  r,  I.  Corresponding  differences  in 
respect  to  the  time  that  may  be  occupied  in  their  utterance  exist 
in  the  vowel-sounds,  and  principally  constitute  the  differences  of 
long  and  short  syllables.  Thus  the  a  as  in  "  far "  and  "  fate," 
the  0  as  in  "go"  and  "fort,"  may  be  indefinitely  prolonged; 
but  the  same  vowels  (or  more  properly  different  vowels  expressed 
by  the  same  letters),  as  in  "can"  and  "fact,"  in  "dog"  and 
*'  rotten,"  cannot  be  prolonged. 

All  sounds  of  the  first  or  ^explosive  kind  are  insusceptible  of 
combination  with  vocal  tone  ("intonation"),  and  are  absolutely 
mute;  nearly  all  the  consonants  of  the  second  or  continuous 
kind  may  be  attended  with  "  intonation." 

Ventriloquism. — The  peculiarity  of  speaking,  to  which  the 
term  ventriloquism  is  applied,  appears  to  consist  merely  in  the 
Taried  modification  of  the  sounds  produced  in  the  larynx,  in 
imitation  of  the  modifications  which  voice  ordinarily  suffers  from 
distance,  etc.  From  the  observations  of  Midler  and  Colombat,  it 
seems  that  the  essential  mechanical  parts  of  the  process  of  ven- 
triloquism consist  in  taking  a  full  inspiration,  then  keeping  the 
muscles  of  the  chest  and  neck  fixed,  and  speaking  with  the  mouth 
almost  closed,  and  the  lips  and  lower  jaw  as  motionless  as  possible, 
while  air  is  very  slowly  expired  through  a  very  narrow  glottis ; 
care  being  taken  also,  that  none  of  the  expired  air  passes  through 
the  nose.  But,  as  observed  by  Miiller,  much  of  the  ventriloquist's 
skill  in  imitating  the  voices  coming  from  particulax  diT^Ci\i\oxis^ 
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eceiving  cither  aeuseB  than  hearing.    We  never  dis- 

retidily  the    direction  in  which  Bounds  reach  our 

eu  our  attention  ia  directed  to  a  particular  point, 

ou  ia  very  apt  to  refer  to  that  jioiiit  whatever  soimda 

the  Tongue  in  Speeob. — The  tongue,  which  is 
fsd  with  the  power  of  speech — lang^uigt  and  speech 
jniphiycd  as  sjiionymoua  terms — plays  only  a  sub- 
ough  very  important  part.     This  is  well  shown  by 
:h  nearly  the  whole  organ  haa   been   removed   ou 
isease.      Patients  who  recover  from  this  operation 
tly,  auj  their  voice  is  coDsideralily  modified  ;  but  the 
1  is       h    d  t     th       1  tt  ra       tl  e  pronunciation  of 
igiie               m  d 
ngdid               ■fttfiniy   between    the 

mu    1      (  1     fly    bd  m      1)     h    1       pel  air  through 
ul  tl    t    f  tl     mu    I        h    h  guard  the  orifice  (rima 
ivhith   t         pc         d    f  th       (  f  t      me,  i»ilate,  etc.) 
Ltcth            dt    th    frm    f  r      h 
^M^gi^^^^l^^^^^^lf^^tftmmere^^ 
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a  nerve  for  conducting  it;  (c)  a  nerve-centre  for  feeling  or 
perceiving  it 

Classifloatioii  of  Sensations. — Sensations  may  be  conve- 
niently classed  as  (i)  common  and  (2)  special, 

(i.)  Common  Sensations. — Under  this  head  fall  all  those  general 
sensations  which  cannot  be  distinctly  localized  in  any  particular 
part  of  the  body,  such  as  Fatigue,  Discomfort,  Faintness,  Satiety, 
together  with  Hunger  and  Thirst,  in  which,  in  addition  to  a 
general  discomfort,  there  is  in  many  persons  a  distinct  sensation 
referred  to  the  stomach  or  fauces.  In  this  class  must  also  be 
placed  the  various  irritations  of  the  mucous  membrane  of  the 
bronchi,  which  give  rise  to  coughing,  and  also  the  sensations 
derived  from  various  viscera  indicating  the  necessity  of  expelling 
their  contents  ;  e,g.,  the  desire  to  defsecate,  to  urinate,  and,  in  the 
female,  the  sensations  which  precede  the  expulsion  of  the  footus. 
We  must  also  include  such  sensations  as  itching,  creeping,  tick- 
ling, tingling,  burning,  aching,  etc.,  some  of  which  come  under  the 
head  of  pain :  they  will  be  again  referred  to  in  describing  the  sense 
of  Touch. 

It  is  impossible  to  draw  a  very  clear  line  of  demarcation 
between  many  of  the  common  sensations  above  mentioned,  and 
the  sense  of  Touch,  ^hich  forms  the  connecting  link  between  the 
general  and  special  sensations.  Touch  is,  indeed,  usually  classed 
with  the  special  senses,  and  will  be  considered  in  the  same  group 
with  them ;  yet  it  differs  from  them  in  being  common  to  many 
nerves;  e.^.,  all  the  sensory  spinal  nerves,  the  pneumo-gastric, 
glosso-pharyngeal,  and  fifth  cerebral  nerves,  and  in  its  impressions 
being  communicable  through  many  organs. 

Among  common  sensations  must  also  be  ranked  the  ''  muscular 
sense/'  which  has  been  already  alluded  to  (p.  501).  It  is  by 
means  of  this  sense  that  we  become  aware  of  the  condition  of 
contraction  or  relaxation  of  the  various  muscles  and  groups  of 
muscles,  and  thus  obtain  the  information  necessary  for  their  ad- 
justment to  various  purposes — standing,  walking,  grasping,  etc. 
This  muscular  sensibility  is  shown  in  our  power  to  estimate  the 
differences  between  weights  by  the  different  muscular  efforts  neces- 
sary to  raise  them.  Considerable  delicacy  may  be  attained  by 
practice,  and  the  difference  between  19^  oz.  in  one  hand  and  20  o^ 
in  the  other  is  readily  appreciated  (Weber), 


"  Muiiculur  EciiKibJlit;  uluuv  is  $ul)ii;ii 
morement*.  I  hare  seen  a  child  comp 
bilitj  (mublc  to  feci  contact,  pressure,  i 
heat),  yet  able  to  walk  well  without  lo- 
owing  this  power  to  the  persiflteDce  of 
In  thitt  cose,  besides  the  iicculiar  acnsibi 
mcQta,  the  mnscles  had  the  power  of  giv 
to  coDtract  Bpasmotlicallj,  the  patient  bai 

(i.)  Special  Sentation*. — locludi 
special  senses  are  five  in  number- 
Sight 

DifTarenoe  between  Common 
The  most  importaut  diatiuction  I 
seuBations  is  that  by  the  former  i 
conditions  of  various  parts  of  our 
we  gain  our  knowledge  of  the  ei 
ference  will  be  clear  if  we  corapar 
touch,  the  former  of  which  is  a  > 
sensation.  "  If  we  place  the  edge 
we  feel  the  edge  by  means  of  our  » 
sensation,  and  refer  it  to  the  object 
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9orium,  or  seat  of  sensation,  Is  in  the  Brain,  and  not  in  the  parti- 
cular organ  (eye,  ear,  etc.)  through  \vhich  the  sensory  impression 
is  received.  In  common  parlance  we  are  said  to  see  with  the  eye, 
hear  with  the  ear,  etc.,  but  in  reality  these  organs  are  only 
adapted  to  receive  impressions  which  are  conducted  to  the  sen- 
solium,  through  the  optic  and  auditory  nerves  respectively,  and 
there  give  rise  to  sensation. 

Hence,  if  the  optic  nerve  is  severed  (although  the  eye  itself  is 
perfectly  uninjured),  vision  is  no  longer  possible ;  since,  although 
the  image  falls  on  the  retina  as  before,  the  sensory  impression  can 
no  longer  be  conveyed  to  the  sensorium. 

Objective  and  Subjective  Sensation. — When  any  given 
sensation  is  felt,  all  that  we  can  with  certainty  afhrm  is  that  the 
sensorium  in  the  brain  is  excited.  The  exciting  cause  may  be 
(in  the  vast  majority  of  cases  is),  some  object  of  the  external 
world  {objective  sensation) ;  or  the  condition  of  the  sensorium  may 
be  due  to  some  excitement  within  the  brain,  in  which  case 
the  sensation  is  termed  siifr/ective.  The  mind  habitually  refers 
sensations  to  external  causes ;  and  hence,  whenever  they  are 
subjective  (due  to  causes  within  the  brain),  we  can  hardly  divest 
ourselves  of  the  idea  of  an  external  cause,  and  an  illusion  is  the 
result. 

lUllsioilS. — Numberless  examples  of  such  illusions  might  be  quoted.  As 
familiar  cases  may  be  mentioned,  humming  and  buzzing  in  the  ears  caused 
by  some  irritation  of  the  auditory  nerve  or  centre,  and  even  musical  sounds 
and  voices  (sometimes  termed  auditory  spectra)  ;  also  so-called  optical 
illusions :  persons  and  other  objects  arc  described  as  being  seen,  although 
not  present. 

Such  illusions  are  most  strikingly  exemplified  in  cases  of  delirium  tremens 
or  other  forms  of  delirium,  in  which  cats,  rats,  creeping  loathsome  forms,  etc.,. 
are  described  by  the  patient  as  seen  with  great  vividness. 

Causes  of  Illusions. — One  uniform  intei*nal  cause,  which  may 
act  on  all  the  nerves  of  the  senses  in  the  same  manner,  is  the 
accumulation  of  blood  in  their  capillary  vessels,  as  in  congestion 
and  inflammation.  This  one  cause  excites  in  the  retina,  while  the 
eyes  are  closed,  the  sensations  of  light  and  luminous  flashes-;  in 
the  auditory  nerve,  the  sensation  of  humming  and  ringing  sounds; 
in  the  olfactory  nerve,  the  sense  of  odoura ;  and  in  the  nerves  of 
feelhig,  the  sensation  of  pain.     In  the  same  way,  also,  a  narcotVsi 
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substance  introduced  into  the  blood,  excites  in  the  nerves  of  eadi 
sense  peculiar  symptoms :  in  the  optic  nerves,  the  appearance  of 
luminous  sparks  before  the  eyes ;  in  the  auditory  nerves,  *'  tin- 
nitus aurium  " ;  and  in  the  common  sensory  nerves,  the  sensation 
of  creeping  over  the  surface.  So,  also,  among  external  causes,  the 
stimulus  of  electricity,  or  the  mechanical  influence  of  a  blow,  con- 
cussion, or  pressure,  excites  in  the  eye  the  sensation  of  light  and 
colours  j  in  the  ear,  a  sense  of  a  loud  sound  or  of  ringing ;  in  the 
tongue,  a  saline  or  acid  taste  j  and  in  the  other  parts  of  the  body 
a  perception  of  peculiar  jarring  or  of  the  mechanical  impression,  or 
a  shock  like  it. 

Sensations  and  Perceptions. — The  habit  of  constantly  refer- 
ring our  sensations  to  external  causes,  leads  us  to  inteipret  the 
various  modifications  which  external  objects  produce  in  our  sensa- 
tions, as  properties  of  the  external  bodies  themselves.  Thus  we 
speak  of  certain  substances  as  possessing  a  disagreeable  taste  and 
smell ;  whereas,  the  fact  is,  their  taste  and  smell  are  only  dis- 
agreeable to  U8,  It  is  evident,  however,  that  on  this  habit  of 
referring  our  sensations  to  causes  outside  ourselves  (perception), 
depends  the  reality  of  the  external  world  to  us ;  and  more  especi- 
ally is  this  the  case  with  the  senses  of  touch  and  sight.  By  the 
co-opcratiou  of  these  two  senses  aided  by  the  others,  we  are  enabled 
gradually  to  attain  a  knowledge  of  external  objects  which  daily  ex- 
perience confirms,  imtil  we  come  to  place  unbounded  confidence  in 
what  is  termed  the  "  evidence  of  the  senses." 

Judgments. — We  must  draw  a  distinction  between  mere  sensa* 
tions,  and  the  judgments  based,  often  unconsciously,  upon  them. 
Thus,  in  looking  at  a  near  object,  we  unconsciously  estimate  its 
distance,  and  say  it  seems  to  be  ten  or  twelve  feet  oflf:  but  the 
estimate  of  its  distance  is  in  reality  a  judgment  based  on  many 
things  besides  the  appearance  of  the  object  itself;  among  which 
may  be  mentioned  the  number  of  intervening  objects,  the  number 
of  steps  which  from  past  experience  we  know  we  must  take  before 
we  could  touch  it,  and  many  others. 

Xixample. — The  curious  illusions  which  occur  in  cases  of  ampntation 
may  be  also  cited  as  exanii)lcs.  After  the  amputation  of  a  leg  for  instance, 
sensations  are  felt  for  weeks,  which  are  referred  to  the  lost  leg  or  foot,  and 
so  entire  and  persistent  is  the  illusioD,  that  patients  not  unfroquently  attempt 
to  put  the  foot  down  to  the  ground,  entirely  forgettiug  that  the  leg  has  been 
amputated.    In  6ae\v  cscsc%  \k^i^  is  no  erroneous  iensatum,  bat  an  erztsoeooi 
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judgment,  which  refers  the  yarious  sensatioiis  resulting  from  irritation  of  the 
severed  nerve,  to  its  peripheral  terminations,  on  which  impressions  were 
tisoallj  made  (p.  483). 

Symptoms  of  Irritation  of  Nerves  of  Special  Sense.— 

Irritation  of  the  optic  nerve,  as  by  cutting  it,  invariably  produces 
a  sensation  of  light,  of  the  auditory  nerve  a  sensation  of  some 
modification  of  sound.    Doubtless  these  distinct  sensations  depend  . 
not  on  any  speciality  in  the  structure  of  the  nerves  of  special  sensOy 
but  on  the  nature  of  their  connections  in  the  sensorium. 

Experiments  seem  to  have  proved  that  none  of  these  nerves 
possess  the  faculty  of  common  sensibility.  Thus,  Magendie 
observed  that  when  the  olfactory  nerves,  laid  bare  in  a  dog, 
were  pricked,  no  signs  of  pain  were  manifested;  and  other 
experiments  of  his  seem  to  show  that  both  the  retina  and  optic 
nerve  are  insusceptible  of  pain.  Further,  the  optic  nerve  is  in- 
susceptible to  the  stimulus  of  light  when  severed  from  its  con- 
nection with  the  retina  which  alone  is  adapted  to  receive  luminotis 
impressions. 

Sensation  of  Motion  is,  like  motion  itself,  of  two  kinds, — 
progressive  and  vibratory.  The  faculty  of  the  perception  of  pro- 
gressive motion  is  possessed  chiefly  by  the  senses  of  vision,  touch, 
and  taste.  Thus  an  impression  is  perceived  travelling  from  one 
part  of  the  retina  to  another,  and  the  movement  of  the  image  is 
interpreted  by  the  mind  as  the  motion  of  the  object.  The  same 
is  the  case  in  the  sense  of  touch ;  so  also  the  movement  of  a  sensa- 
tion of  taste  over  the  surface  of  the  organ  of  taste,  can  be  recog- 
nised. The  motion  of  tremors,  or  vibrations,  is  perceived  by  several 
senses,  but  especially  by  those  of  hearing  and  touch. 

Sensations  of  Chemical  Actions. — We  are  made  acquainted 
with  chemical  actions  principally  by  taste,  smell,  and  touch,  and 
by  each  of  these  senses  in  the  mode  proper  to  it.  Volatile  bodies, 
disturbing  the  conditions  of  the  nerves  by  a  chemical  action,  exert 
the  greatest  influence  upon  the  organ  of  smell ;  and  many  matters 
act  on  that  sense  which  produce  no  impression  iipon  the  organs  of 
taste  and  touch, — for  example,  many  odorous  substances,  as  the 
Tapour  of  metals,  such  as  lead,  and  the  vapour  of  many  minerals. 
Some  volatile  substances,  however,  are  perceived  not  only  by  the 
sense  of  smell,  but  also  by  the  senses  of  touch  and  taste.  Thus, 
the  vapours  of  horse-radish  and  mustard,  and  acrid  &u£[o^!»M\\\!^ 


624  '^^^   SENSES.  [chap,  xxi 

gases,  act  upon  tho  conjunctiva  and  the  mucous  membrane  of  the 
lungs,  exciting  through  the  common  sensory  nerves,  merely  modi- 
fications of  common  feeling ;  and  at  the  same  time  they  excite  the 
sensations  of  smell  and  of  taste. 

Clear  Perceptions. — Without  simultaneous  attention,  all 
sensations  are  only  obscurely,  if  at  all,  perceived.  If  the  mind 
be  torpid  in  indolence,  or  if  the  attention  be  withdrawn  from  the 
nerves  of  sense  in  intellectual  contemplation,  deep  speculations,  or 
an  intense  passion,  the  sensations  of  the  nerves  make  no  impres- 
sion upon  the  mind ;  they  are  not  perceived, — that  is  to  say,  they 
are  not  communicated  to  the  conscious  "  self,"  or.  with  so  little 
intensity,  that  the  mind  is  imable  to  retain  the  impression,  or  only 
recollects  it  some  time  after,  when  it  is  freed  from  the  preponderat- 
ing influence  of  the  idea  which  had  occupied  it. 

This  power  of  attention  to  the  sensations  derived  from  a  single 
organ,  may  also  be  exercised  in  a  single  portion  of  a  sentient 
organ,  and  thus  enable  one  to  discern  the  detail  of  what  would 
otherwise  be  a  single  sensation.  For  example,  if  one  endeavours 
to  direct  attention  to  the  whole  field  of  vision  at  the  same  time, 
nothing  is  seen  distinctly ;  but  when  the  attention  is  directed  first 
to  this,  then  to  that  part,  and  analyses  the  detail  of  the  sensation, 
the  part  to  which  the  mind  is  directed  is  perceived  with  more  dis- 
tinctness than  the  rest  of  the  same  sensation. 

Sense  of  Touch. 

Seat  of  Touch. — The  sense  of  touch  is  not  confined  to  parti- 
cular parts  of  the  body  of  small  extent,  like  the  other  senses ;  on  the 
contrary,  all  parts  capable  of  perceiving  the  presence  of  a  stimdos 
by  ordinary  sensation  are,  in  certain  degrees,  the  seat  of  this  sens^; 
for  touch  is  simply  a  modification  or  exaltation  of  common  sensa- 
tion  or  sensibility.      Tho  nerves  on  which  the  sense  of  touch 
depends  are,  therefore,  the  same  as  those  which  confer  ordinwy 
sensation  on  the  different  parts  of  the  body,  viz.,  those  derived 
from  the  posterior  roots  of  the  nerves  of  the  spinal  cord,  and  tho 
sensory  cerebral  nerves. 

But,  although  all  parts  of  the  body  siipplied  with  sensory  ner^ 
are  thus,  in  some  degree,  organs  of  touch,  yet  the  sense  is  es^' 
cised  in  perfection  only  in  those  parts  the  sensibility  of  which  ^ 
extremely  delicate,  e.^.,  the  skin,  the  tongue,  and  the  lips,  irhich 
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are  provided  with  abundant  papillae.  A  peculiar  and,  of  its  own 
kind  in  each  case,  a  very  acute  sense  of  touch  is  exercised  through 
the  medium  of  the  nails  and  teeth.  To  a  less  extent  the  hair 
may  be  reckoned  an  organ  of  touch ;  as  in  the  case  of  the 
eyelashes. 

Tactile  Sensation. — The  sense  of  touch  renders  us  conscious  of 
the  presence  of  a  stimulus,  from  the  slightest  to  the  most  intense 
degree  of  its  action,  by  that  indescribable  something  which  we 
call  feeling,  or  common  sensation.  The  modifications  of  this 
sense  often  depend  on  the  extent  of  the  parts  affected.  The 
sensation  of  pricking,  for  example,  informs  us  that  the  sensitive 
particles  are  intensely  affected  in  a  small  extent ;  the  sensation  of 
pressure  indicates  a  slighter  affection  of  the  parts  in  the  greater 
"extent,  and  to  a  greater  depth.  It  is  by  the  depth  to  which  the 
parts  are  affected  that  the  feeling  of  pressure  is  distinguished 
from  that  of  mere  contact.  Schiff  and  Brown- S^quard  are  of 
opinion  that  common  sensibility  and  tactile  sensibility  manifest 
themselves  to  the  individual  by  the  aid  of  different  sets  of  fibres. 
Dr.  Sieveking  has  arrived  at  the  same  conclusion  from  pathological 
observation. 

Varieties. — (a)  The^  sense  of  touch,  strictly  so-called  (tactile 
sensibility),  (6)  the  sense  of  pressure,  (c)  the  sense  of  temperature. 
These  when  carried  beyond  a  certain  degree  are  merged  in  (d)  the 
sensation  of  pain. 

Tickling,  &C. — Yarious  peculiar  sensations,  snch  as  tickling,  must  be 
classed  with  pain  under  the  head  of  common  sensations,  since  they  give  us 
no  information  as  to  external  objects.  Such  sensations,  whether  pleasurable 
or  painful,  are  in  all  cases  referred  by  the  mind  to  the  part  affected,  and  not 
to  the  cause  which  stimulates  the  sensory  nerves  of  the  part.  The  sensation 
of  tickling  may  be  produced  in  many  parts  of  the  body,  but  with  especial 
intensity  in  the  soles  of  the  feet.  Among  other  sensations  belonging  to  this 
class,  and  confined  to  particular  parts  of  the  body,  may  be  mentioned  those 
of  the  genital  organs  and  nipples. 

(a)  Touch  proper. — In  almost  all  parts  of  the  body  which 
have  delicate  tactile  sensibility  the  epidermis,  immediately  over 
the  papillse,  is  moderately  thin.  When  its  thickness  is  much 
increased,  as  over  the  heel,  the  sense  of  touch  is  very  much 
dulled.  On  the  other  hand,  when  it  is  altogether  removed,  and 
the  cutis  laid  bare,  the  sensation  of  contact  is  replaced  by  o\i!^  ^1 
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pain.  Further,  in  all  highly  sensitive  parts,  the  papillae  are 
numerous  and  highly  vascular,  and  usually  the  sensory  nerves  are 
connected  with  special  End-organs,,  such  as  have  been  described 
(p.  472). 

The  acuteriess  of  the  sense  of  touch  depends  very  largely  on  the 
cutaneous  circulation,  which  is  of  course  largely  influenced  by 
external  temperature.  Hence  the  numbness,  familiar  to  everyone, 
produced  by  the  application  of  cold  to  the  skin. 

Special  ortjaiiK  offovch  are  present  in  most  animals,  among  which  may  be 
mentioned  the  antennae  of  insects,  the  "  whiskers "  (vibrissae)  of  cats  and 
other  carnivora,  the  wings  of  bats,  the  trunk  of  the  elephant,  and  the  hand 
of  man. 

Judgment  of  the  Form  and  Size  of  Bodies. — By  the  sense 
of  touch  the  mind  is  made  acquainted  with  the  size,  form*,  and  other 
external  characters  of  bodies.  And  in  order  that  these  characters 
niay  be  easily  ascertained,  the  sense  of  touch  is  especially 
developed  in  those  parts  which  can  be  readily  moved  over  the 
surface  of  bodies.  Touch,  in  its  more  limited  sense,  or  the  act  of 
examining  a  body  by  the  touch,  consists  merely  in  a  voluntary 
employment  of  this  sense  combined  with  movement,  and  stands  iu 
the  same  relation  to  the  sense  of  touch,  or  common  sensibility, 
generally,  as  the  act  of  seeking,  following,  or  examining  odours, 
does  to  the  sense  of  smell.  The  hand  is  best  adapted  for  it,  by 
reason  of  its  peculiarities  of  structure, — namely,  its  capabihty  of 
pronation  and  supination,  which  enables  it,  by  the  movement  of 
rotation,  to  examine  the  whole  circumference  of  the  body ;  the 
power  it  possesses  of  opposing  the  thumb  to  the  rest  of  the  hand, 
and  the  relative  mobility  of  the  fingers;  and  lastly  fix)m  the 
abundance  of  the  sensory  terminal  organs  which  it  possesses. 

Judgment  of  Solidity. — In  forming  a  conception  of  the  figiuxr^ 
and  extent  of  a  surface,  the  mind,  multiplies  the  size  of  the  har::^'^ 
or  fingers  used  in  the  inquiry  by  the  number  of  times  which  it        ^* 
contained  in  the  surface  traversed ;  and  by  repeating  this  proc^=^^ 
with  regard  to  the  different  dimensions  of  a  solid  body,  acquiresfe==  * 
notion  of  its  cubical  extent,  but,  of  coiu'se,  only  an  imperf^^^^ 
notion,  as  other  senses,  e.  ^.,  the  sight,  are  required  to  make       ^^ 
complete. 

Acuteness  of  Touch. — The  perfection  of  the  sense  of  toix^ 
on  different  parts  of  the  surface  is  proportioned  to  the  power  ishjcb 
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such  parts  possess  of  distinguishing  and  isolating  the  sensations 
produced  by  two  points  placed  close  together.  This  power 
depends,  at  least  in  part,  on  the  number  of  primitive  nerve-fibres 
distributed  to  the  part ;  for  the  fewer  the  primitive  fibres  which 
an  organ  receives,  the  more  likely  is  it  that  several  impressions  on 
different  contiguous  points  will  act  on  only  one  nervous  fibre,  and 
hence  be  confounded,  and  perhaps  produce  but  one  sensation. 

Experiments  to  determine  aouteness  of  Touch. — Experi- 
ments to  determine  the  tactile  properties  of  difierent  parts  of  the 
skin,  as  measured  by  this  power  of  distinguishing  distances,  were 
made  by  E.  II.  Weber.  The  experiment  consisted  in  touching  the 
skin,  while  the  eyes  were  closed,  with  the  points  of  a  pair  of 
compasses  sheathed  with  cork,  and  in  ascertaining  how  close  the 
points  of  the  compasses  might  be  brought  to  each  other,  and  still 
be  felt  as  two  bodies.  He  examined  in  this  manner  neai'ly  every 
part  of  the  surface  of  the  body,  and  has  given  tables  showing  the 
relative  degrees  of  sensibility  of  different  parts.  Experiments  of 
a  similar  kind  have  been  performed  also  by  Valentin. 

The  following  table  gives  some  of  the  results  of  Weber's  experi- 
ments. 


Table  of  yariations  in  the  tactile  sensibility  of  different 
parts. — The  measurement  indicates  the  least  distajice  at  which 
the  two  blunted  points  of  a  pair  of  compasses  could  be  separately 
distinguisJied. 

Tip  of  tongue 

Palmar  surface  of  third  phalanx  of  forefinger 
Palmar  surface  of  second  phalanges  of  fingers 
Red  surface  of  under-lip 

Tip  of  the  nose 

Middle  of  dorsum  of  tongue   . 

Palm  of  hand     ...... 

Centre  of  hard  palate    .... 

Dorsal  surface  of  first  phalanges  of  fingers  . 

Back  of  hand 

Dorsum  of  foot  near  toes    .... 

Gluteal  region 

Sacral  region 

Uj^r  and  lower  parts  of  forearm  . 
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Back  of  neck  near  occiput . 
Upper  dorsal  and  mid-lumbar  regions 
Middle  part  of  forearm       .  *      . 
Middle  of  thigh     .... 
Mid-cervical  region     ... 


2    inches. 


Mid-dorsal  region 


2\ 


>» 


Moreover,  in  the  case  of  the  limbs,  it  was  found  that  before 
they  were  recognised  as  two,  the  points  of  the  compasses  had  to 
be  further  separated,  when  the  line  joining  them  was  in  the  long 
axis  of  the  limb,  than  when  in  the  transverse  direction. 

Illusions  of  Touch. — The  different  degrees  of  sensitiveness 
possessed  by  different  parts  may  give  rise  to  errors  of  judgment  in 
estimating  the  distance  between  two  points  where  the  skin  is 
touched.  Thus,  if  blunted  points  of  a  pair  of  compasses  (main- 
tained at  a  constant  distance  apart)  be  slowly  drawn  over  the 
skin  of  the  cheek  towards  the  lips,  it  is  almost  impossible  to  resist 
the  conclusion  that  the  distance  between  the  points  is  gradually 
increasing.  When  they  reach  the  lips  they  seem  to  be  consider- 
ably further  apart  than  on  the  cheek. 

Thus,  too,  our  estimate  of  the  size  of  a  cavity  in  a  tooth  is 
usually  exaggerated  when  based  upon  sensation  derived  from  the 
tongue  alone. 

Another  curious  illusion  may  here  be  mentioned.  If  we  dose 
the  eyes,  and  place  a  small  marble  or  pea  between  the  crossed 
fore-  and  middle  fingers,  we  seem  to  be  touching  two  marbles. 
This  illusion  is  due  to  an  error  of  judgment.  The  marble  is 
touched  by  two  siufaces  which,  under  ordinary  circumstances, 
could  only  be  touched  by  two  separate  marbles,  hence,  the  min^ 
taking  no  cognizance  of  the  fact  that  the  fingers  are  crossed,  form* 
the  conclusion  that  two  sensations  are  due  to  two  marbles. 

Delicacy  of  Sense  of  Touch. — According  to  the  theory  ^ 
Weber  the  mind  estimates  the  distance  between  two  points  by  ^^ 
number  of  unexcitcd  nerve-endings  which  intervene  between  ^® 
two  points  touched.  It  would  appear  that  a  certain  number  of 
intervening  unexcited  nerve-endings  are  necessary  before  two  poi^*^ 
touched  can  be  recognised  as  separate,  and  the  greater  this  nuinbe'' 
the  more  clearly  are  the  points  of  contact  distinguished  as  separ**^ 
By  practice  the  delicacy  of  a  sense  of  touch  may  be  very  rs^ 
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increased.  A  familiar  illustration  occurs  in  the  case  of  the  blmd, 
who  by  constant  practice  can  acquire  the  power  of  reading  raised 
letters  the  forms  of  which  are  almost  if  not  quite  undistinguish- 
able,  by  the  sense  of  touch,  to  an  ordinary  person. 

Tactile  Localisation. — The  power  of  correctly  localising  sen- 
sations of  touch  is  gradually  derived  from  experience.  Thus 
infants  when  in  pain  simply  cry,  but  make  no  effort  to  remove  the 
cause  of  irritation,  as  an  older  child  or  adult  would,  doubtless  on 
account  of  their  imperfect  knowledge  of  its  exact  situation.  By 
long  experience  this  power  of  localisation  becomes  perfected,  till 
at  length  the  brain  possesses  a  complete  "  picture  "  as  it  were  of 
the  siu'face  of  the  body,  and  is  able  with  marvellous  exactness  to 
localise  each  sensation  of  touch. 

(b)  Pressure. — It  is  extremely  difficult  to  separate  touch 
proper  from  sensations  of  pressure,  and,  indeed,  the  former  may 
be  said  to  depend  upon  the  latter.  If  the  hand  be  rested  on  the 
table  and  a  very  light  body  such  as  a  small  card  placed  on  it,  the 
only  sensation  produced  is  one  of  contact ;  if,  however,  an  ounce 
weight  be  laid  on  the  card  an  additional  sensation  (that  of 
pressure)  is  experienced,  and  this  becomes  more  intense  as  the 
weight  is  increased.  If  now  the  weight  be  raised  by  the  hand,  we 
are  conscious  of  overcoming  a  certain  resistance ;  this  conscious- 
ness is  due  to  what  is  termed  the  *^ muscular  sense*'  (p.  501). 

Estimate  of  Weight. — The  estimate  of  a  weight  is,  therefore, 
usually  based  on  two  sensations,  (i)  of  pressure  on  the  skiui  and 
(b)  the  muscular  sense. 

The  estimate  of  weight  derived  from  a  combination  of  these  two  sensa- 
tions  (as  in  lifting  a  weight)  is  more  accurate  than  that  derived  from  the 
former  alone  (as  when  a  weight  is  laid  on  the  hand)  ;  thus  Weber  fomid 
that  by  the  former  method  he  could  generally  distinguish  19}  oz.  from  20  oz., 
bat  not  19]  oz.  from  20,  while  by  the  latter  he  could  at  most  only  distinguish 
14^  oz.  from  15  oz.  -* 

It  is  not  the  absolute,  but  the  relative,  amoimt  of  the  difference 
of  weight  which  we  have  thus  the  faculty  of  perceiving. 

It  is  not,  however,  certain,  that  our  idea  of  the  amount  of  muscular  force 
used  is  derived  solely  from  sensation  in  the  muscles.  We  have  the  power  of 
estimating  very  accurately  beforehand,  and  of  regulating,  the  amount  of 
nervouB  influence  necessary  for  the  production  of  a  certain  degree  ot  tsioh^- 
ment.  When  we  raise  a  vessel,  with  the  contents  ot  wYiicVi  "ve  «tfe  xioX. 
toqnainted,  the  force  we  employ  is  determined  by  the  idea  "W^  "Vibc^^  Ciovi- 
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ceived  of  its  weight.  If  it  should  happen  to  contain  some  very  heavy  sub- 
stance, as  quicksilver,  we  shall  probably  let  it  fall ;  the  amount  of  muscular 
action,  or  of  nervous  energy,  which  we  had  exerted  being  insufficient.  The 
same  thing  occurs  sometimes  to  a  person  descending  stairs  in  the  dark  ;  he 
makes  the  movement  for  the  descent  of  a  step  which  does  not  exist.  It  is 
possible  that  in  the  same  way  the  idea  of  weight  and  pressure  in  raising 
bodies,  or  in  resisting  forces,  may  in  part  arise  from  a  consciousness  of  the 
amount  of  nervous  energy  transmitt^  from  the  brain  rather  than  from  a 
sensation  in  the  muscles  Uiemselves.  The  mental  conviction  of  the  inability 
longer  to  support  a  weight  must  also  be  distinguished  from  the  actual  sensa- 
tion of  fatigue  in  the  muscles. 

So,  with  regard  to  the  ideas  derived  from  sensations  of  touch  combined 
with  movements,  it  is  doubtful  how  far  the  consciousness  of  the  extent  of 
muscular  movement  is  obtained  from  sensations  in  the  muscles  themselves. 
The  sensation  of  movement  attending  the  motions  of  the  hand  is  very  slight ; 
and  persons  who  do  not  know  that  the  action  of  particular  muscles  is 
necessary  for  the  production  of  given  movements,  do  not  suspect  that  the 
movement  of  the  fingers,  for  example,  depends  on  an  action  in  the  forearm. 
The  mind  has,  nevertheless,  a  very  definite  knowledge  of  the  changes  of 
position  produced  by  movements ;  and  it  is  on  this  that  the  ideas  which  it 
conceives  of  the  extension  and  form  of  a  body  are  in  great  measure 
founded. 

(c)  Temperature. — The  whole  surface  of  the  body  is  more  or 
less  sensitive  to  differences  of  temperature.     The  sensation  of  heat 
is  distinct  from  that  of  touch ;  and  it  would  seem  reasonable  to 
suppose   that    there   are    special   nerves   and  nerve-endings  for 
temperature.     At  any  rate  the  power  of  discriminating  tempera- 
ture may  remain  unimpaired  when  the  sense  of  touch  is  tempo- 
rarily in  abeyance.     Thus  if  the  ulnar  nerve  be  compressed  at  the 
elbow  till  the  sense  of  touch  is  very  much  dulled  in  the  fingeff 
which  it  supplies,  the  sense  of  temperature  remains  quite  imaifected 
(Nothnagel). 

The  sensations  of  heat  and  cold  are  often  exceedingly  fallaciofls, 
and  in  many  cases  are  no  guide  at  all  to  the  absolute  temperature 
as  indicated  by  a  thermometer.  All  that  we  can  with  safety  iu^^^ 
from  our  sensations  of  temperature,  is  that  a  given  object  is  waroacr 
or  cooler  than  the  skin.  Thus  the  temperature  of  our  skin  is  the 
standard ;  and  as  this  varies  from  hour  to  hour  according  to  the 
activity  of  the  cutaneous  circulation,  oiu*  estimate  of  the  absolute 
temperature  of  any  body  must  necessarily  vary  too.  If  we  J^^ 
the  left  hand  into  water  at  40°  F.  and  the  right  into  water  a^ 
1 10°  F.,  and  then  immerse  both  in  water  at  80°  F.,  it  will  feel  vJ^ 
to  the  left  laaxid  Wt  (iool  to  the  right.  Again  a  piece  of  metal 
which  has  reafty  t\ie  «»xna  Xfcxai^T^Xxa^  ^is^  ^  ^iven  piece  of  vood 
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will  feel  much  colder,  since  it  conducts  away  the  heat  much  more 
rapidly.  For  the  same  reason  air  in  motion  feels  very  much  cooler 
than  air  of  the  same  temperature  at  rest. 

Perhaps  the  most  striking  example  of  the  fallaciousness  of  our  • 
sensations  as  a  measure  of  temperature  is  afforded  by  fever.  In  a 
shivering  fit  of  ague  the  patient  feels  excessively  cold,  whereas  his 
actual  temperature  is  several  degrees  above  the  normal,  while  in 
the  sweating  stage  which  succeeds  it  he  feels  very  warm,  whereas 
really  his  temperature  has  fallen  several  degrees.  In  the  former 
case  the  cutaneous  circulation  is  much  diminished,  in  the  latter 
much  increased;  hence  the  sensations  of  cold  and  heat  respec- 
tively. 

Discrimination  of  Temperature. — In  some  cases  we  are  able 
to  form  a  fau*ly  accurate  estimate  of  absolute  temperature.  Thus, 
by  plunging  the  elbow  into  a  bath,  a  practised  bath-attendant  can 
tell  the  temperature  sometimes  within  1°  F. 

The  temperatures  which  can  be  readily  discriminated  are 
between  50°  F.  and  115°  F.;  very  low  and  very  high  tempera- 
tures alike  produce  a  burning  sensation.  A  temperature  appears 
higher  according  to  the  extent  of  cutaneous  surface  exposed  to  it. 
Thus,  water  of  a  temperatiu'e  which  can  be  readily  borne  by 
the  hand,  is  quite  intolerable  if  the  whole  body  be  immersed. 
So,  too,  water  appears  much  hotter  to  the  hand  than  to  a  single 
.finger.  In  this  way  Weber  found  that  water  at  97°  F.  felt  posi- 
tively warmer  to  the  luind,  than  water  at  104°  F.  to  the  finger. 

The  delicacy  of  the  sense  of  temperature  coincides  in  the  main 
with  that  of  touch,  and  appears  to  depend  largely  on  the  thick- 
ness of  the  skin ;  hence,  in  the  elbow  where  the  skin  is  thin,  the 
sense  of  temperature  is  delicate,  though  that  of  touch  is  not 
remarkably  so.  Weber  has  further  ascertained  the  following 
facts  :  two  compass  points  so  near  together  on  the  skin  that  they 
produce  but  a  single  impression,  at  once  give  rise  to  itoo  sensa- 
tionSy  when  one  is  hotter  than  the  other.  Moreover,  of  two  bodies 
of  equal  weight,  that  which  is  the  colder  feels  heavier  than  the 
other. 

As  every  sensation  is  attended  with  an  idea,  and  leaves  behind 
it  an  idea  in  the  mind  which  can  be  reproduced  at  will,  we  are 
enabled  to  compare  the  idea  of  a  past  sensation  mt\i  ^xi^^i^cL^x 
sensation  really  present    Thus  we  can  compare  t\ie  ^sr^v^^*  oi  qtl^ 
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body  with  another  which  we  had  previously  felt,  of  which  the  idea 
is  retained  in  onr  mind.  Weber  was  indeed  able  to  distinguish  in 
this  manner  between  temperatures,  experienced  one  after  the 
other,  better  than  between  temperatures  to  which  the  two  hands 
were  simultaneously  subjected.  This  power  of  comparing  present 
with  past  sensations  diminishes,  however,  in  proportion  to  the 
time  which  has  elapsed  between  them. 

After-sensatioxis  left  by  impressions  on  nerves  of  common 
sensibility  or  touch  are  very  vivid  and  durable.  As  long  as  the 
condition  into  which  the  stimidus  has  thrown  the  organ  endures, 
the  sensation  also  remains,  though  the  exciting  cause  should  have 
long  ceased  to  act  Both  painful  and  pleasurable  sensations  afford 
many  examples  of  this  fact. 

Subjective  sensations,  or  sensations  dependent  on  internal 
causes,  are  in  no  sense  more  frequent  than  in  the  sense  of  touch. 
All  the  sensations  of  pleasure  and  pain,  of  heat  and  cold,  of 
lightness  and  weight,  of  fatigue,  etc.,  may  be  produced  by 
internal  causes.  Neuralgic  pains,  the  sensation  of  rigor,  formi- 
cation or  the  creeping  of  ants,  and  the  states  of  the  sexual  organs 
occurring  during  sleep,  afford  striking  examples  of  subjective 
sensations. 

Influence  of  the  Mind. — The  mind  has  a  remarkable  power  of 
exciting  sensations  in  the  nerves  of  common  sensibility  ;  just  as  the  thought 
of  the  nauseous  excites  sometimes  the  sensation  of  nausea,  so  the  idea  of 
pain  gives  rise  to  the  actual  sensation  of  pain  in  a  part  predisposed  to  it.  A 
painful  sensation  becomes  more  intolerable  the  more  the  attention  is  directed 
to  it :  thus,  a  sensation  in  itself  inconsiderable,  as  an  itching  in  a  very  small 
spot  of  the  skin,  may  be  rendered  very  troublesome  and  enduring.  The 
thought  of  anything  horrid  excites  the  sensation  of  shuddering ;  the  feelings  of 
eager  expectation,  of  pathetic  emotion,  of  enthusiasm,  excite  in  some  persons 
a  sensation  of  "  concentration  *'  at  the  top  of  the  head,  and  of  cold  trickling 
through  the  body  ;  fright  causes  sensations  to  be  felt  in  many  parts  of  the 
body  ;  and  even  the  thought  of  tickling  excites  that  sensation  in  individuals 
very  susceptible  of  it,  when  they  are  threatened  with  it  by  the  movements 
of  another  person.  These  sensations  from  internal  causes  are  most  frequent 
in  persons  of  excitable  nervous  systems,  such  as  the  hypochondriacal  and  the 
hysterical,  of  whom  it  is  usual  to  say  that  their  pains  are  imaginary.  If  by 
this  is  meant  that  their  pains  exist  in  their  imagination  merely,  it  is  certainly 
quite  incorrect. 

Sense  of  Taste. 

Conditions  necessary. — The  conditions  for  the  peroeptions 
of  taste  are  *. — i,  tVie  ^t^^iiic^^  qI  ^  \^fiwe  and  nerve-oentre  with 
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special  endowments ;  2,  the  excitation  of  the  nerve  by  the  sapid 
matters,  which  for  this  purpose  must  be  in  a  state  of  solution. 

* 

The  nerves  concerned  in  the  production  of  the  sense  of  taste  have 
been  already  considered  (pp.  556  and  560). 

Mode  of  action. — The  mode  of  action  of  the  substances  which 
excite  taste  consists  in  the  production  of  a  change  in  the  condition 
of  the  gustatory  nerves,  and  the  conduction  of  the  stimulus  thus 
produced  to  the  nerve-centre ;  and,  according  to  the  difference 
of  the  substances,  an  infinite  variety  of  changes  of  condition  of 
the  nerves,  and  consequently  of  stimulations  of  the  gustatory 
centre,  may  be  induced.  The  mattei-s  to  be  tasted  must  either 
be  in  solution  or  be  soluble  in  the  moisture  covering  the  tongue ; 
hence  insoluble  substances  are  usually  tasteless,  and  produce 
merely  sensations  of  touch.  Moreover,  for  the  perfect  action  of  a 
sapid,  as  of  an  odorous  substance,  it  is  necessary  that  the  sentient 
surface  should  be  moist.  Hence,  when  the  tongue  and  fauces 
are  dry,  sapid  substances,  even  in  solution,  are  with  difficulty 
tasted. 

The  nerves  of  taste,  like  the  nerves  of  other  special  senses,  may  have  their 
peculiar  properties  excited  bj  various  other  kinds  of  irritation,  such  as 
electricity  and  mechanical  impressions.  Thus,  Henle  observed  that  a  small 
current  of  air  directed  upon  the  tongue  gives  rise  to  a  cool  saline  taste,  like 
that  of  saltpetre  ;  and  Dr.  Baly  has  shown  that  a  distinct  sensation  of  taste, 
similar  to  that  caused  by  electricity,  may* be  produced  by  a  smart  tap  applied 
to  the  papillaB  of  the  tongue.  Moreover,  the  mechanical  irritation  of  the 
fences  and  palate  produces  the  sensation  of  nausea,  which  is  probably  only  a 
modification  of  taste. 

Seat  of  sensation. — The  principal  seat  of  the  sense  of  taste 
is  the  tongue.  But  the  results  of  experiments  as  well  as  ordinary 
experience  show  that  the  soft  palate  and  its  arches,  the  uvula, 
tonsils,  and  probably  the  upper  part  of  the  pharynx,  are  endowed 
"with  taste.  These  parts,  together  with  the  base  and  posterior 
parts  of  the  tongue,  are  supplied  with  branches  of  the  glosso- 
pharyngeal nerve,  and  evidence  has  been  already  adduced  that  the 
sense  of  taste  is  conferred  upon  them  by  this  nerve. 

In  most,  though  not  in  all  persons,  the  anterior  parts  of  the 
tongue,  especially  the  edges  and  tip,  are  endowed  with  the  sense 
of  taste.  The  middle  of  the  dorsum  is  only  feebly  endowed  with 
this  sense,  probably  because  of  the  density  and  thickness  ot  W^a 
epithelium  covering  the  filiform  papillce  of  tins  part  oi  Wvc^  \AXi*^*^> 
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which  will  prevent  the  sapid  substances  from  penetrating  to  their 
sensitive  parts.  The  gustatory  pro)>ertj  of  the  anterior  part  of 
the  tongue'  is  due,  as  already  said  (p.  556),  to  the  lingual  or 
gustatory  branch  of  the  fifth  nerve. 

Structure  of  Tongue. — ^The  tongue  is  a  muscular  organ 
covered  by  mucous  membrane. 

The  muscles,  which  form  the  greater  part  of  the  substance  of 
the  tongue  (intrinsic  muscles)  are  termed  linfftudes ;  and  by  these, 
which  are  attached  to  the  mucous  membrane  chieflv,  its  smaller 
and  more  delicate  movements  are  chiefly  performed. 

By  other  muscles  (extrinsic  muscles)  as  the  genio-hyo^ossos, 
the  styloglossus,  etc.,  the  tongue  is  fixed  to  surrounding  parts ; 
and  by  this  group  of  muscles  its  larger  movements  are  performed. 

The  mucous  membrane  of  the  tongue  resembles  other  mucous 
membranes  (p.  387)  in  essential  points  of  structure,  but  contains 
jmpilla?,  more  or  less  peculiar  to  itself;  peculiar,  however,  in 
details  of  structure  and  arrangement,  not  in  their  nature.  The 
tongue  is  beset  with  numerous  mucous  follicles  und  glands.  The 
use  of  the  tongue  in  relation  to  mastication  and  deglutition  has 
already  been  considered  (pp.  274  and  287). 

The  larger  papillce  of  the  tongue  are  thickly  set  over  the 
anterior  two-thirds  of  its  upper  surface,  or  dorsum  (fig.  301),  and 
give  to  it  its  characteristic  roughness.  In  Carnivorous  animals, 
especially  those  of  the  cat  tribe,  the  papillae  attain  a  large  size, 
and  are  developed  into  sharp  recurved  homy  spines.  Such 
papilla)  cannot  be  regarded  as  sensitive,  but  they  enable  the 
tongue  to  play  the  part  of  a  most  efficient  rasp,  as  in  scraping 
bones,  or  of  a  comb  in  cleaning  their  fur.  Their  greater  ?>">• 
minence  than  those  of  the  skin  is  due  to  their  interspaces  not 
being  filled  up  with  epithelium,  as  the  interspaces  of  the  papil^ 
of  the  skin  are.  The  papilla)  of  the  tongue  present  several 
diversities  of  form  ;  but  three  principal  varieties,  differing  both  ifl 
scat  and  general  characters,  may  usually  be  distinguished,  namdjj 
the  (1)  ciraimvallate^  the  (2)  fungiform^  and  the  (3) ^/{Awt» papin^' 
Essentially  these  have  all  of  them  the  same  structure,  that  is  *^ 
say,  they  arc  all  formed  by  a  projection  of  the  mucous  membtane» 
and  contain  special  branches  of  blood-vessels  and  nerves.  1^ 
details  of  structure,  however,  they  differ  considerably  one  fr^ 
another. 
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The  Burface  of  each  kind  is  studded  by  minute  ixtnical  processes 
of  mucous  membrane,  which  thus  form  secondary  papillte.  (Todd 
and  Bowman.) 

Fig.  301.* 


*  Vi%.  301.  Fa|>il]at  sarface  of  the  tongue,  vith  the  fauces  and  tonuls 
(Eram  Sappey). — i,  l,  oircmnvallftte  papillte,  in  front  of  1,  the  foramen  c»cum; 
3,  fon^omt  pBpillic;  4,  filiform  ond  conical  papillie;  5,  traneverEe  and  oblique 
nigie  ;  6,  nacons  glands  at  the  base  of  the  tongue  and  in  the  fauces ;  7,  ton- 
mli;  8,  part  of  the  epiglottis;  9,  median  glosso'epiglotUdeau  fcA4  ^'tdsn'oia. 
«p^ottidia). 
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Staple  papillse  nlso  occur  over  most  other  parts  of  the  tonpie  not 
occupied  by  the  cotopooDd  papillse,  and  extend  for  some  distance  behind  the 
papilla:  ciicumrallalic.  Tlic  mucous  membr&iiG  immediatelj  in  front  of  the 
epiglottis  is,  howcTer,  free  from  them.  They  are  commonly  bmicd  beneath 
the  epilheliuni  ;  hence  they  ore  often  overlooked. 

(i.)  Circumvallatf. — ThcBC  papillro  (fig.  302),  eight  or  ten  in 
number,  are  situate  in  two  V-ehapod  lines  at  the  base  of  the 
tongue  (i,  I,  fig.  301).     They  are  circular  elevations  from  ^th  to 


-i\th  of  an  inch  wide,  each  with  a  central  depression,  and  sur- 
i-ouudcd  liy  a  circular  fissure,  at  the  outside  of  which  agaia  is 
a  slightly  elevated  ring,  both  the  central  elevation  and  the  ring 
being  formed  of  close  set  simple  papilla)  (fig.  30a). 

(2.)  Fungiform. — The  fungiform  papilla)  (3,  fig.  30 1)  are  scattered 
chiefly  over  the  sides  and  tip,  and  sparingly  over  the  middle  of 
the  dorsum,  of  the  tongue ;  their  name  is  derived  from  their  IwinS 
usually  narrower  at  their  base  than  at  their  summit.  They  ^ 
consist  of  groups  of  simple  papillro  (A,  fig.  303),  each  of  Thicii 
containa  in  ita  interior  a  loop  of  capillary  blood-vessels  (B.),  m'' 
a  nerve-fibre. 

(3.}  Conical  <yr  Filiform.— These,  which  are  the  most  abundM* 
papillie,  are  scattered  over  the  whole  siuface  of  the  tongue, ''"' 
especially  over  the  middle  of  the  dorsum  (fig.  301). 

They  vary  in  shape  somewhat,  but  for  the  most  part  i"* 
conical  or  filiform,  and  eovei-ed  by  a  thick  layer  of  epidenoi'' 
which  is  arranged  over  them,  either  in  an  imbricated  mauntf' 
or  is  prolonged  from  their  aurface  in  the  form  of  fine  atiff  \^ 

'  fig'  302.  Verlica]  section  of  the  circumTFdlate  impilln  ^.—L.  tl* 
papillie  ;  B  tha  sniTounding  wall ;  a,  the  epitheliul  coTering ;  *,  the  n«r«'°' 
the  papilla  and  vtU  i^T«adJia{  tawanls  the  lurface  ;  i;,  the  secoudiry  (•piU' 
(Kolliker)] 
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jections,  hair-liko  in  appearance,  and  ia  some  instances  in  struc- 
tnre  also  (fig.  304}.  From  their  peculiar  structure,  it  seems 
likely  that  these  papillm  have  a  mechanical  function,  or  one 
allied  to  that  of  touch  rather  than  of  taste ;  the  latter  sense 
being  probably  seated  especially  in  the  other  two  varieties  of 
papillse,  the  circumvaltate  and  the  fungiform. 

The  tpithelium  of  the  tongue  is  stratified  with  the  upper  layers 
of  the  squamous  kind.  It  covers  every  port  of  the  surfnco;  but 
over  the  iiingiform  papilltc  forms  a  thinner  layer  than  elsewhere. 
The  epithelium  covering  the  filiform  papillro  is  estrcmely  dense 
and  thick,  and,  as  before  mentioned,  projects  from  their  sides  and 
summits  in  the  form  of  long,  stiff,  hair-like  processes  (fig.  304). 
Many  of  these  processes  bear  a  close  resemblance  to  hairs.     Blood- 

Fvj.  303.' 


Teasels  and  nerves  are  supplied  freely  to  the  papillce.  The  nerves 
in  the  fungiform  and  circumvallate  papillas  form  a  kind  of  plexus, 
spreading  out  brush-wise  (fig.  30a),  but  the  exact  mode  of  termi- 
nation of  the  nerve-filaments  is  not  certainly  knoiiTi. 

Taate  Qoblets. — In  the  circumvallate  papillro  of  the  tongue  of 
man  peculiar  structures  known  us  gustatory  buda  or  taste  goblets, 
have  been  discovered  (Liiven,  Schwalbe).  They  are  of  an  oval 
shape,  and  consist  of  a  number  of  closely  packed,  very  narrow  and 
fusiform,  cells  i^tatatory  eelit).    This  central  core  of  gustatory 

•  Fig.  303.  Sorrace  and  section  of  the  fungiform  papiU»  (from  KiJUiker, 
■fter  Dodd  and  Bowman). — A,  tho  sarface  of  a  fungiform  papilla,  partiallj 
dennded  of  ita  epitbelinm  ;  p,  secondary  papillie;  e,  epithelium,  B,  section 
of  >  fnuRifonn  papilla  with  tie  blood-vessoU  injected  ;  a,  artery  ;  r,  vein ;  e 
capillary  loopa  of  aimple  papillv  in  the  neigh tiou  ring  structure  of  the  tongue ; 
d,  capillary  loops  of  the  secondary  papillie ;  e,  epithelium. 
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cells  ia  enclosed  in  a  single  layer  of  broaderfusiform  cells  (mciuin^ 
tellt).  The  gustatory  cells  tcrminatfl  in  Sue  spikes  not  unlike 
cilia,  which  project  on  the  free  aur&ce  (fig.  305). 

These  bodies  also  occur  side  by  side  in  considerable  numbers 

Fig.  304.* 


in  the  epithelium  of  the  papilla  foliata,  which  is  situated  neartlie 
root  of  tho  tougiic  in  the  rabbit,  and  also  in  man.  Similar  "tasK- 
gohlcta  "  also  occur  pretty  evenly  distributed  on  the  posterior  (laryn- 
geal) surface  of  the  epiglottis  ( Vcrson,  Schofield).  It  seems  probablci 


Fig,  304.  Two  filifonn  papillcc,  one  with  rjiitheljum,  the  other  without 
(from  Kiiiliker,  after  ToUd  aoil  Bowmau).  if-—}',  the  Bubstance  ot  tlw 
papilliE  dividing  at  their  upper  exteniities  iuto  MCdadar}'  papiihe  ;  a,  mttrji 
ftod  r,  vein,  dirtdinj;  into  cupillarv  loops  ;  c,  opithelinl  coreriitg,  Umiiut«d 
between  tho  papillie,  hut  extended  into  buir^like  processes,  f,  from  lie 
CJtrcmitiea  of  the  secondary  papill.t. 
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{rom  their  distribution,  that  all  these  BCKudled  taste^blets  are 
guatatory  in  function,  though  no  nerves  have  been  distinctly  traced 
into  them. 

Other  Fnnotionfl  of  the  Tongoe. — Besides  the  Bense  of  taste, 
the  tongue,  by  moans  also  of  its  papilltc,  is  endued,  (2)  especially  at 
its  sides  and  tip,  with  a  very  delicate  and  accurate  sense  of  touch 

Fig-  3PS-' 


(p.  624),  which  renders  it  sensible  of  the  impressions  of  heat  and 
cold,  pain  and  mechanical  pressure,  and  consequently  of  the  form 
of  surfiices.  The  tongue  may  lose  its-  common  sensibihty,  and 
still  retain  the  sense  of  taste,  and  vice  versd.  This  fact  renders  it 
probable  that,  althougli  the  senses  of  taste  and  of  touch  may  be 
eserciaed  by  the  same  papilla;  supplied  by  the  same  nerves,  yet 
the  nervous  conductors  for  these  two  different  sensations  are 
distinct,  just  as  the  nerves  for  smell  and  common  sensibUity  in 
the  nostrils  are  distinct ;  and  it  is  quite  conceivable  that  the  same 
nervous  trunk  may  contain  fibres  differing  essentially  in  their 
specific  properties.  Facts  already  detailed  (p.  $16)  seem  to  prove 
that  the  lingual  branch  of  the  fifth  nerve  is  the  conductor  of  sen- 
sations of  taste  in  the  anterior  part  of  the  tongue ;  and  it  ia  also 
certain,   from    the  marked   manifestations  of  pain  to  which  its 

*  Pig.  305.  Taste-goWet  from  dog's  epiglottis  (laiyngsal  BurfftCB  near  the 
b«ie),'preci«;lj-  aimilnr  in  structare  to  those  found  in  the  tongue,  ti,  depresbion 
in  cpithelinm  orer  goblet ;  below  the  letter  are  seen  the  Hne  hair-like  processes 
in  which  the  ccUs  terminate ;  c,  two  nuclei  of  the  axial  (gustatoty)  cells. 
The  more  superficial  nuclei  belong  to  the  superficial  (encasing)  cells ;  the 
conTcrgiDg  lioes  indicate  the  fusirorm  shape  of  the  encasing  cells,     x  400 
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division  in  animals  gives  rise,  that  it  is.  likewise  a  nerve  of  common 
sensibility.  The  glosso-pharyngeal  also  seems  to  contain  fibres 
both  of  common  sensation  and  of  the  special  sense  of  taste. 

The  functions  of  the  tongue  in  connection  with  (3)  speech,  (4) 
mastication,  (5)  deglutition,  (6)  suction,  have  been  referred  to  in 
other  chapters. 

Taste  and  Smell;  Perceptions. — The  concurrence  of  common 
and  special  sensibility  in  the  same  part  makes  it  sometimes  diffi- 
cult to  determine  whether  the  impression  produced  by  a  substance 
is  perceived  through  the  ordinary  sensitive  fibres,  or  through  those 
of  the  sense  of  taste.  In  many  cases,  indeed,  it  is  probable  that 
both  sets  of  nerve-fibres  are  concerned,  as  when  irritating  acrid 
substances  are  introduced  into  the  mouth. 

Much  of  the  perfection  of  the  sense  of  taste  is  often  due  to  the 
sapid  substances  being  also  odorous,  and  exciting  the  simultane- 
ous action  of  the  sense  of  smell.  This  is  shown  by  the  imperfec- 
tion of  the  taste  of  such  substances  when  their  action  on  the 
olfactory  nerves  is  prevented  by  closing  the  nostrils.  Many  fine 
wines  lose  much  of  their  apparent  excellence  if  the  nostrils  are 
held  close  while  they  are  drunk. 

Varieties  of  Taste  Sensations. — Among  the  most  clearly 
defined  tastes  are  the  sweet  and  bitter  (which  are  more  or  le® 
opposed  to  each  other),  the  acid,  alkaline,  and  saline  tastes.  Acid 
and  alkaline  taste  may  be  excited  by  electricity.  If  a  piece  of  anc 
be  placed  beneath  and  a  piece  of  copper  above  the  tongue,  and  their 
ends  brought  into  contact,  an  acid  taste  (due  to  the  feeble  galvanic 
current)  is  produced. 

The  delicacy  of  the  sense  of  taste  is  sufficient  to  discern  i  ^ 
of  sulphuric  acid  in  1000  of  water;  but  it  is  far  surpassed  in 
acuteness  by  the  sense  of  smell. 

After  Tastes. — Very  distinct  sensations  of  taste  are  frequently 
left  after  the  substances  which  excited  them  have  ceased  to  act  on 
the  nerve  ;  and  such  sensations  often  endure  for  a  long  time,  ^^ 
modify  the  taste  of  other  substances  applied  to  the  tongue  after- 
wards. Thus,  the  taste  of  sweet  substances  spoils  the  flavour  of 
wine,  the  taste  of  cheese  improves  it.  There  appears,  therefore? 
to  exist  the  same  relation  between  tastes  as  between  colours,  of 
which  those  that  are  opposed  or  complementary  render  each 
other  more  vivid,  though  no  general  principles  governing  tlus 


CHAP.  XXI.]  THE    SENSE    OF    SMELL.  64 1 

relation  have  been  discovered  in  the  case  of  tastes.  In  the  art  of 
cooking,  however,  attention  has  at  all  times  been  paid  to  the 
consonance  or  harmony  of  flavours  in  their  combination  or  order 
of  succession,  just  as  in  painting  and  music  the  fundamental 
principles  of  harmony  have  been  employed  empirically  while  the 
theoretical  laws  were  unknown. 

Frequent  and  continued  repetitions  of  the  same  taste  render 
the  perception  of  it  less  and  less  distinct,  in  the  same  way  that  a 
colour  becomes  more  and  more  dull  and  indistinct  the  longer  the 
eye  is  fixed  upon  it  Thus,  after  frequently  tasting  first  one  and 
then  the  other  of  two  kinds  of  wine,  it  becomes  impossible  to 
discriminate  between  them. 

The  simple  contact  of  a  sapid  substance  with  the  surface  of 
the  gustatory  organ  seldom  gives  rise  to  a  distinct  sensation  of 
taste ;  it  needs  to  be  difi*used  over  the  surface,  and  brought  into 
intimate  contact  with  the  sensitive  parts  by  compression,  friction, 
and  motion  between  the  tongue  and  palate. 

Subjective  Sensations  of  Taste. — The  sense  of  taste  seems 
capable  of  being  excited  also  by  external  causes,  such  as  changes 
in  the  conditions  of  the  nerves  or  nerve-centres,  produced  by  con- 
gestion or  other  causes,  which  excite  subjective  sensations  in  the 
other  organs  of  sense.  But  little  is  known  of  the  subjective 
sensations  of  taste  ;  for  it  is  difficult  to  distinguish  the  phenomena 
from  the  efiects  of  external  causes,  such  as  changes  in  the  nature 
of  the  secretions  of  the  mouth. 

The  Sense  of  Smell. 

Conditions  necessary. — (i.)  The  first  conditions  essential 
to  the  sense  of  smell  are  a  special  verve  and  nerve-cejttrey  the 
changes  in  whose  condition  are  perceived  in  sensations  of  odour  ; 
for  no  other  nervous  structure  is  capable  of  these  sensations,  even 
though  acted  on  by  the  same  causes.  The  same  substance  which 
excites  the  sensation  of  smell  in  the  olfactory  centre  may  cause 
another  peculiar  sensation  through  the  nerv^es  of  taste,  and  may 
produce  an  irritating  and  biuming  sensation  on  the  nerves  of 
touch;  but  the  sensation  of  odour  is  yet  separate  and  distinct 
from  these,  though  it  may  be  simultaneously  perceived.  (2.)  The 
second  condition  of  smell  is  a  peculiar  change  producftd  m  >i>aa 
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olfactory  nerve   and   its    centre    by  the    stimulus    or    odorous 
substance. 

(3.)  The  material  causes  of  odours  arc,  usually,  in  the  case  of 
animals  living  in  the  air,  either  solids  suspended  in  a  state  of 
extremely  fine  division  in  the  atmosphere;  or  gaseous  exhala- 
tions often  of  so  subtile  a  nature  that  they  can  be  detected  by  no 
other  re-agent  than  the  sense  of  smell  itself.  The  matters  of 
odour  must,  in  all  cases,  be  dissolved  in  the  mucus  of  the  mucous 
membrane  before  they  can  be  immediately  applied  to,  or  affect 
the  olfactory  nerves ;  therefore  a  further  condition  necessary  for 
the  perception  of  odours  is,  that  the  mucous  membrane  of  the 
nasal  cavity  be  moist.  When  the  Schneiderian  membrane  is  dry, 
the  sense  of  smell  is  impaired  or  lost;  in  the  first  stage  of 
catarrh,  when  the  secretion  of  mucus  within  the  nostrils  is  les- 
sened, the  faculty  of  perceiving  odour  is  either  lost,  or  rendered 
very  imperfect. 

(4.)  In  animals  living  in  the  air,  it  is  also  requisite  that  the 
odorous  matter  should  bo  transmitted  in  a  current  through  the 
nostrils.  This  is  effected  by  an  inspiratory  movement,  the  mouth 
being  closed ;  hence  we  have  voluntary  influence  over  the  sense 
of  smell ;  for  by  interrupting  respiration  we  prevent  the  percep- 
tion of  odoui-s,  and  by  repeated  quick  inspiration,  assisted,  as  in 
the  act  of  sniffing^  by  the  action  of  the  nostrils,  wo  render  the 
impression  more  intense  (see  p.  247). 

An  odorous  substance  in  a  liquid  form  injected  into  the  nostrils 
appears  incapable  of  giving  rise  to  the  sensation  of  smell :  thiw 
Weber  could  not  smell  the  slightest  odoiu*  when  his  nostrils  were 
completely  filled  with  water  containing  a  lai^e  quantity  of  eau  de 
Cologne. 

Seat  of  Sense  of  Smell. — The  human  organ  of  smell  is  formed 
by  the  filaments  of  the  olfiictory  nerves,  distributed  in  the  mucous 
membrane  covering  the  upper  third  of  the  septum  of  the  nose,  the 
superior  turbinated  or  spongy  bone,  the  upper  part  of  the  middle 
turbinated  bone,  and  the  upper  wall  of  the  nasal  cavities  beneath 
the  cribriform  plates  of  the  ethmoid  bones  (figs.  306  and  307). 

The  olfactory  region  is  covered  by  cells  of  cylindrical  epithehum, 
prolonged  at  their  deep  extremities  into  fine  branched  processes, 
but  not  ciliated ;  and  interspei*sed  w^ith  these  are  fusiform  (ol/actoiy) 
cells,  with  both  su^ct^cial  and  deep  processes  {fig,  308),  the  latter 
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being  probably  connected  with  the  terminal  filaments  of  the  ol- 
factory nerve.  The  lower,  or  rfspiratojy  part,  as  it  ia  called,  of 
the  naaal  £ossta  is  lined  by  cylindrical  ciliattd  epithelium,  except 
in  the  region  of  the  nostrilB,  where  it  ia  tquamotis. 

The  branches  of  the  olfactory  nerves  retain  much  of  the  same 

Fig.  306.* 


soft  and  greyish  texture  which  distiaguishea  thoao  of  the  olfactory 
traeU  within  the  cranium.  Their  filaments,  alao,  are  peculiar,  more 
resembling  thoae  of  the  sympathetic  nerve  than  the  filaments  of 
the  other  cerebral  nerves  do,  containing  no  outer  white  aubatance, 
and  being  finely  granular  and  nucleated. 

The  sense  of  smell  is  derived  eicIusiTely  throi^h  those  parts  of  the  nasal 
eavitice  in  which  the  olfactory  nerrea  are  distributed  ;  the  accessor;  cnvitics 
or  sinnscs  communicating  with  the  nostrils  seem  to  have  no  relation  to  it. 
Air  impregnated  with  the  *ftpoar  of  camphor  was  injected  by  DcBclmmps 
into  the  frontal  sinoa  throngh  a  fistulous  opening,  and  Richerand  injected 
odorous  substances  into  the  antrum  of  Higbmore  ;  bnt  in  neither  case  was 
any  odour  perceired  by  the  patient.  The  purposes  of  these  sinuses  appear 
to  be,  that  the  bones,  necessarily  large  for  the  action  of  the  muscles  and 
oUier  parts  connected  with  them,  may  be  as  light  as  possible,  and  that  there 
may  be  more  room  for  the  resonance  of  the  air  in  vocalising.  The  former 
purpoae,  which  is  in  other  bones  obtained  by  filling  their  cavities  with  tat, 
ia  here  attained,  as  it  is  in  many  bones  of  birds,  by  their  being  filled  with 


•  Kg.  306.  Nerves  of  the  septum  nasi.  Been  from  the  right  aide.  |. — I, 
the  ollactoi;  bulb ;  i,  the  olfactory  nerres  passing  through  tho  foramina  of 
lh«  cribriform  plate,  and  descending  to  be  distributed  on  the  septum  ;  3,  the 
mtemal  or  septal  twig  of  the  nasal  hranch  of  the  ophthalmic  nerve  ',  t„  -aasfi- 
palstiiie  nervei  (from  Sappey,  after  Hirschfeld  and  Leveille). 


is  proved  by  cases  in  which  the  s 
mucous  membrono  of  tho  nose  rer 
modifications  of  common  sensati 
difficult  to  diBtinguiah  the  fiensat 
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feeling,  and  to  ascertain  what  belongs  to  each  separately.  This  is 
the  case  particularly  with  the  sensations  excited  in  the  nose  by 
acrid  vapours,  as  of  ammonia,  horse-radish,  mustard,  etc.,  which 
resemble  much  the  sensations  of  the  nerves  of  touch;  and  the 
difficulty  is  the  greater,  when  it  is  remembered  that  these  acrid 
vapours  have  nearly  the  same  action  upon  the  mucous  membrane 
of  the  eyelids.  It  was  because  the  common  sensibility  of  the  nose 
to  these  irritating  substances  remained  after  the  destruction  of 
the  olfactory  nerves,  that  Magendie  was  led  to  the  erroneous 
belief  that  the  fifth  nerve  might  exercise  this  special  sense. 

Odorous  Sensations. — Animals  do  not  all  equally  perceive 
the  same  odoiu^ ;  the  odours  most  plainly  perceived  by  an  herbi- 
vorous animal  and  by  a  carnivorous  animal  are  different  The 
Carnivora  have  the  power  of  detecting  most  accurately  by  the 
smell  the  special  peculiarities  of  animal  matters,  and  of  tracking 
other  animals  by  the  scent ;  but  have  apparently  very  little 
sensibility  to  the  odours  of  plants  and  flowers.  Herbivorous 
animals  are  peculiarly  sensitive  to  the  latter,  and  have  a  narrower 
sensibility  to  animal  odours,  especially  to  such  as  proceed  from 
other  individuals  than  their  own  species.  Man  is  far  inferior  to 
many  animals  of  both  classes  in  respect  of  the  acuteness  of  smell ; 
but  his  sphere  of  susceptibility  to  various  odours  is  more  uniform 
and  extended.  The  cause  of  this  difference  lies  probably  in  the 
endowments  of  the  cerebral  parts  of  the  olfactory  apparatus. 

The  delicacy  of  the  sense  of  smell  is  most  remarkable  ;  it  can 
discern  the  presence  of  bodies  in  quantities  so  minute  as  to  be 

undiscoverable  even  by  spectum  analysis  ;  —  -     '' of  a  grain 

of  musk  can  be  distinctly  smelt  (Valentin). 

Varieties. — Opposed  to  the  sensation  of  an  agreeable  odour  is 
that  of  a  disagreeable  or  disgusting  odour,  which  corresponds  to 
the  sensations  of  pain,  dazzling  and  disharmony  of  colours,  and 
dissonance  in  the  other  senses.  The  cause  of  this  difference  in  the 
effect  of  different  odours  is  unknown  :  but  this  much  is  certain, 
that  odours  are  pleasant  or  offensive  in  a  relative  sense  only,  for 
many  animals  pass  their  existence  in  the  midst  of  odours  which 
to  us  are  highly  disagreeable.  A  great  difference  in  this  respect 
is,  indeed,  observed  amongst  men  :  many  odours,  generally  thought 
agreeable,  are.  to  some  persons  intolerable ;  and  different  persons 
describe  differently  the  sensations  that  they  BevertAVy  d^^TVj^  ^xotcdl 
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the  same  odorous  substances.  There  seems  also  to  be  in  some 
persons  an  insensibility  to  certain  odonrs,  comparable  with  that 
of  the  eye  to  certain  colours ;  and  among  different  persons,  as 
great  a  difference  in  the  acuteness  of  the  sense  of  smell  as  among 
others  in  the  acuteness  of  sight.  We  have  no  exact  proof  that 
a  relation  of  harmony  and  disharmony  exists  between  odours  as 
between  colours  and  sounds ;  though  it  is  probable  that  such  is 
the  case,  since  it  certainly  is  so  with  regard  to  the  sense  of  taste ; 
and  since  such  a  relation  would  account  in  some  measure  for  the 
different  degrees  of  perceptive  power  in  different  persons ;  for  as 
some  have  no  ear  for  music  (as  it  is  said),  so  others  have  no  clear 
appreciation  of  the  relation  of  odours,  and  therefore  little  pleasure 
in  them. 

Subjective  Sensations  of  SmelL — ^The  sensations  of  the 
olfactory  nerves,  independent  of  the  external  application  of  odorous 
substances,  have  hitherto  been  little  studied.  The  friction  of  the 
electric  machine  produces  a  smell  like  that  of  phosphorus.  Hitter, 
too,  has  observed,  that  when  galvanism  is  applied  to  the  organ  of 
smell,  besides  the  impulse  to  sneeze,  and  the  tickling  sensation 
excited  in  the  filaments  of  the  fifth  nerve,  a  smell  like  that  of 
ammonia  was  excited  by  the  negative  pole,  and  an  acid  odour  by 
the  positive  pole  ;  whichever  of  these  sensations  were  produced,  it 
remained  constant  as  long  as  the  circle  was  closed,  and  changed  to 
the  other  at  the  moment  of  the  circle  beiug  opened.  Suhjectm 
sensations  occur  frequently  in  connection  with  the  sense  of  smell. 
Frequently  a  person  smells  something  which  .is  not  present,  and 
which  other  persons  cannot  smell;  this  is  very  frequent  with 
nervous  people,  but  it  occasionally  happens  to  every  one.  In  a 
man  who  was  constantly  conscious  of  a  bad  odour,  the  arachnoid 
was  found  after  death,  by  MM.  Cullericr  and  Maignault,  to  be 
beset  with  deposits  of  bouc  ;  and  in  the  middle  of  the  cerebral 
hemispheres  were  scrofulous  cysts  in  a  state  of  suppuration. 
Dubois  was  acquainted  with  a  man  who,  ever  after  a  fall  from  his 
horse,  which  occurred  several  years  before  his  death,  believed  that 
he  smelt  a  bad  odour. 

Sense  of  Hearing. 
Anatomy  of  the  Organ  of  Hearing. 

For   descriptive  pui-poses,  the  Ear,  or  Organ  of  Hearing;  is 
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divided  into  three  parts,  (1)  the  external,  (3)  the  middle,  and  (3) 
the  iMemal  ear.  The  two  first  are  only  accessory  to  the  third  or 
internal  ear,  which  contains  tho  essential  parts  of  an  oi^an  of 
hearing.  The  accompaaying  figure  shows  very  well  tho  relation 
of  these  division8,^ne  to  the  other  (fig.  309). 

Fig.   309.* 


(1.)  External  Ear. — The  external  ear  consists  of  the  pinna  or 
auricle,  and  the  external  auditory  canal  or  Ttteatus. 


•  Fig.  309.  DiagrBminatic  vipw  from  before  of  the  parts  (■(•mposing  the 
OTg«n  of  hearing  of  the  left  lide  (Arnold).  Tlia  temporal  bona  ot  the  left 
dde,  with  the  HCcomiianpng  aoft  ports,  lias  been  delAclicd  from  the  head,  anil 
tt  section  hits  been  carried  Uirongh  it  transversely,  so  as  to  remove  tbo  front 
of  the  meatus  eztemas,  half  the  tympanic  membrane,  the  upper  and  anterior 
wall  of  the  tympanum  and  Eustachian  tnbe.  The  meatus  inttmns  has  also 
been  opened,  and  the  bony  Ubyrintli  cxpoeed  by  the  removal  of  thu  surround- 
ing porta  of  the  petroua  hone.  I,  the  pinna  and  tolie;  2,  2',  mi'ntiis  extemua; 
3',  membnma  tympani  ;  3,  cavity  of  the  tympanum ;  3',  its  opening  bock- 
words  into  the  mastoid  cells  ;  between  3  and  3',  the  chain  of  smalt  bones ;  4, 
Eustachian  tn1>e  ;  5,  meatus  intemua,  containing  the  facial  (uppermost)  and 
tho  auditory  nerves  ;  6,  placed  on  tho  vestibule  of  the  bhyrinth  above  tho 
fenestra  ovolis  i\a,  apex  of  the  petrous  bone  ;  b,  internal  carotid  artery  ;  c, 
•tyloid  process  ;  d,  facial  nerve  iasuing  from  the  stylo-maatoid  foramen ',  t, 
mastoid  process ;  /,  squamo^  part  of  the  bone  cavered  bj  mVc^T[i«,u\^  (t\K. 
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The  principnl  parlB  of  Ihc  jMJum  {fig.  309A)  are  two  prominent  rim* 
enclosed  one  witliiu  the  other  {lielix  and  antikelix),  koA  euclotuig  a  ctmtrsl 
hollow  aamc<l  the  cimi-ha  ;  in  front  of  the  concha,  a  pnnninence  directed 
backwatda,  the  tiagxi,  and  oppoaite  to  thia,  one  directed  forwards,  the 
iHttitmjv:  From  the  concha,  the  auditorj  canal,  with  a  eiight  arch  directed 
upwards,  {inssca  iiiwarda  and  a  little  forwards  to  the  membrana  tjmpaui,  to 
which  it  thus  scrres  to  coDvcj'  the  vibrating  air.  Its  outer  part  consists  of 
fibro-cnrlilnge  continued  from  the  concha  ;  its  inner  part  of  bone.  Both  are 
lined  by  skin  continuous  with  that  of  the  pinna,  and  extending  over  the 
onter  part  of  the  airmhrana  timpani. 

Towards  the  outer  part  of  the  canal  are  fine  hairs  and  sebaceous 
glauda,  while  deeper  in  the  canal  ore  small 
glimdB,  resenibliug  the  a^eat-glanda  in  struc- 
ture, which  secrete  a  peculiar  yellow  sub- 
stance called  ef  rumen,  or  ear-wax. 

(2.)  Middle  Ear,  or  Tt/mpanum. —  The 
middle  ear,  or  ttpitpanum  (3,  fig.  309),  ia 
separated  by  the  viembrana  fffmpani  from 
the  estemal  auditory  cAnoI.  It  ia  a  cavity 
in  the  temporal  boiic,  opening  through  its 
anterior  and  Inner  wall  into  tho  Eustachian 
tube,  a  cylindriform  flattened  canal,  dilated 
at  both  ends,  composed  partly  of  bone  and 
piu-tly  of  cartilage,  and  lined  with  mucous 
membrane,  which  foniis  a  communication 
Iwtweeu  the  tympanum  and  the  pharyni. 
It  opens  into  tho  cavity  of  the  pharynx  just  behind  tho  posterior 
aperture  of  the  nostrila.  The  cavity  of  the  tympanum  communi- 
cates posteriorly  with  air-cavities,  the  mastoid  cells  in  the  mastoid 
process  of  the  temporal  bone ;  but  its  only  opening  to  the  external 
air  is  through  the  Eustachian  tube  (4,  fig.  309).  The  walls 
of  the  tympanum  arc  osseous,  except  where  apertures  in  them 
are  closed  with  membrane,  as  at  tho  fenestra  rotunda,  and- 
fenestra  oviiliw,  and  at  the  outer  part  where  the  bono  is  rcpbccd 
by  the  membrana  ti/nipani.  The  cavity  of  the  tympanum  is  lined 
with  mucous  membrane,  the  epithelium  of  which  is  ciliated  and 
continuous  with  tliat  of  the  pharyni.    It  contains  a  chain  of  small 


•  Fis-  309-v.  Outer  HUrfnco  of  the  pinna  of  the  right  auricle,  i.  —  i,  hclii ; 
2,  fossn  of  Die  helix  ;  3,  antibclix  ;  4,  fossa  of  the  nutihelix  ;  5,  tmtilngiii , 
6,  tragus ;  7,  coneUa  -,  8,  lobulf.  * 
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bones  (pssicula  audit  us),  which  extends  from  the  membrana  tym- 
pani  to  the  fenestra  ovalis. 

The  rtiemhrana  tympani  is  placed  in  a  slanting  direction  at  the  bottom  of 
the  external  auditory  canal,  its  plane  lacing  at  an  angle  of  about  45°  with 
the  lower  wall  of  the  canal.  It  is  formed  chiefly  of  a  tough  and  tense 
fibrous  membrane,  the  edges  of  which  are  set  in  a  bony  groove ;  its  outer 
surface  is  covered  with  a  continuation  of  the  cutaneous  lining  of  the  auditory 
canal,  its  inner  surface  with  part  of  the  ciliated  mucous  membrane  of  the 
tympanum. 

The  small  bones  or  oKHiclat  of  the  ear  are  three,  named  mallens^  iticujij  and 
ftajfci.  Tlie  mallevft,  or  hammer-bone,  is  attached  by  a  long  slightly-curved 
process,  called  its  handle,  to  the  membrana  tympani ;  the  line  of  attachment 
being  vertical,  including  the  whole  length  of  the  handle,  and  extending 
from  the  upper  border  to  the  centre  of  the  membrane.  The  head  of  the 
malleus  is  irregularly  rounded ;  its  neck,  or  the  line  of  boundary  between  it 
and  the  handle,  supports  two  processes  ;  a  short  conical  one,  which  receives 
the  insertion  of  the  ten»or  tympani y  and  a  slender  one.  processus  gracilis^ 
which  extends  forwards,  and  to  which  the  laxator  tympani  muscle  is 
attached.  The  inmts^  or  anvil-bone,  shaped  like  a  bicuspid  molar  tooth,  is 
articulated  by  its  broader  part,  corresponding  with  the  surface  of  the  crown 
of  a  tooth,  to  the  malleus.  Of  its  two  fang-like  processes,  one,  directed 
backwards,  has  a  free  end  lodged  in  a  depression  in  the  mastoid  bone  ;  the 
other,  curved  downwards  and  more  pointed,  articulates  by  means  of  a 
roundish  tubercle,  formerly  called  os  orhiculare^  with  the  stapes,  a  little 
bone  shaped  exactly  like  a  stirrup,  of  wliich  the  base  or  bar  fits  into  the 
fenestra  ovalis.  "to  the  neck  of  the  stapes,  a  short  process,  corresponding 
with  the  loop  of  the  stirrup,  is  attached  the  stapedius  muscle. 

The  Osaicula. — The  bones  of  the  ear  are  covered  with  mucous 
membrane  reflected  over  them  from  the  wall  of  the  tympanum ; 
and  are  moveable  both  altogether  and  one  upon  the  other.  The 
malleus  moves  and  vibrates  with  every  movement  and  vibration 
of  the  membrana  tympani,  and  its  movements  are  communicated 
through  the  incus  to  the  stapes,  and  through  it  to  the  membrane 
closing  the  fenestra  ovalis.  The  malleus,  also,  is  moveable  in  its 
articulation  with  the  incus  ;  and  the  membrana  tympani  moving 
^  with  it  is  altered  in  its  degree  of  tension  by  the  laxator  and  tensor 
tympani  muscles.  The  stapes  is  moveable  on  the  process  of  the 
incus,  when  the  stapedius  muscle  acting,  draws  it  backwards.  The 
axis  round  which  the  malleus  and  incus  rotate  is  the  line  joining 
the  processus  gracilis  of  the  malleus  and  the  posterior  (short) 
process  of  the  incus. 

(3.)  Internal  Ear. — The  proper  organ  of  hearing  is  formed  by  the 
distribution  of  the  auditory  nerve  within  the  internal  ear,  or 
labyrinth  of  the  ear,  a  set  of  cavities  within  the  petro\]La  "^^XXovx 
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of  the  temporal  'boue.  The  bouc  which  forma  the  wollfl  of  these 
canities  is  denser  than  that  around  it,  and  forms  the  oueout 
labyrinth;  the  membrane  within  the  cavities  forms  the  m«»- 
hranoug  labyrinth.     The  membranous  labyrinth  contains  a  fluid 


Firj.  310.' 


called  (iidoljpnph ;  while  outside  it,  betwiicn  it  and  the  osseous 
labyrinth,  is  a  fluid  called  ]>erUffmiA. 

The  osseous  labyrinth  consisto  of  three  principal  parts,  namely, 

the  vestibule,  the  cochlea,  and  the  temicircufar  canalt. 

The  vestibule  is  tlic  miildlc  cnvity  of  the  labjrinth,  and  the  central  oi{^ 
of  tlie  wliole  nmlitoi7  nppBratus.  It  i>rescnts,  in  its  iniier  wnll,  several 
o|)eiiiiigs  for  tbc  entrance  of  the  divisioiie  of  the  auditorj'  nerve  ;  in  its  onler 
wall,  llic  finrttrii  oralit  (2,  fi);.  310),  an.  opening  filled  by  the  liese  ot  the 
rfape',  one  of  the  sninll  bonce  of  tbc  ear ;  in  ite  posterior  and  taiierior  walls, 

*  Fig.  310.  Rifilit  liony  liibyrintli,  viewed  from  the  outer  side  (Sotumer- 
ring).  ^. — Tlic si>eoimen here ropresented is  pro]Mired  byBeparstingpieoeoiMl 
the  looser  substance  of  the  ]>etrous  bone  from  tlie  dense  w»lU  which  immnli- 
Btely  enclose  the  labyrinth.  I,  the  vestibule  ;  2,  fenestra  ovalis  ;  3,  iupetior 
scmiciiculflr  eunsl ;  4,  horizontal  or  cxteninl  canal;  5,  posterior  caoal;  * 
•,  ampullie  of  the  scmioirculnr  cannls  ;  6,  first  turn  of  the  cochlea ;  7,  seeoad 
turn  ;  S,  ape.t  :  9,  fenestra  rotunda.  The  smaller  iigure  in  outUtie  below 
allows  the  ualnral  si;:G. 

+  Fig.  31 1.  View  of  the  interior  of  the  left  labyrinth  (Sommering).  ^.— 
The  bony  wall  of  the  labyrinth  is  removed  superiorly  and  external]  j.  i,  foTM 
heniielliptica  :  3,  fovea  lieniisphcricn  ;  3,  common  opening  of  Iho  superior  md 
liostcnor  semieirculur  ennsla ;  4,  openiug  of  the  a<[ueiliiet  of  the  vestibole ;  5i 
the  supeiior,  6,  the  posterior,  iind  7,  the  external  semicircular  canals ;  8, 
spiral  tube  of  the  cochlea  (scala  tymi«ni) ;  9,  opening  of  the  aqueduct  of  the 
cochlea  ;  10,  placed  on  tlie  lamina  spiralis  iu  the  scala  veatiboli. 
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five  opcninpa  by  irbich  the  tem'teirevlar  ctiiuih  commnnicatc  with  it :  in  ita 
anterior  wall,  an  opening  leading  into  the  cnclilta.  The  liinder  part  of  the 
inner  wall  of  the  vestibnle  also  presents  an  opening,  the  orifice  of  the  agiin- 
durlai  tettibidi,  a  canal  leading  to  the  posterior  margin  o£  tlie  petrous  bone, 
wilh  nncertsin  contents  and  unknown  purpose. 

ThA  Koneirevlar  canalt  (&g».  310, 3(1),  (ire  three  arched cylindritorm bony 
canals,  aet  in  the  substance  of  the  petrous  bone.  Tliey  all  open  at  both  ends 
into  the  vestibulfi  (two  of  them  first  coalescing).  Tlie  ends  of  each  are 
dilated  jast  before  opening  into  the  vestibule  ;  and  one  end  of  each  being 
more  dilated  ttian  the  other  in  called  an  ampuOa.  Two  of  the  canals  form 
nearly  vertical  arches ;  of  those  Ihc  superior  is  also  anterior  ;  the  posterior 
is  inferior ;  the  third  canal  is  horizontal,  and  lower  and  shorter  than  the 

The  cochlea  (6,  7,  S,  figs.  31a  and  312),  a  small  organ,  shaped  like  a  eom- 


Fig.  3 1 2,* 
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il-shell,  is  seated  in  front  of  tbe  vestibule,  its  base  resting  on  the 
bottom  of  the  internal  mcaliu,  whcl'C  some  apertures  transmit  to  it  the 
cochlear  filamenta  of  tbe  auditory  nerve.  In  its  niis,  the  cochlea  is  traversed 
by  %  conical  column,  the  modietut,  aronnd  which  a  tpiral  caaal  winds  with 
about  two  turns  and  a  half  from  the  base  to  tbe  ajicx.  At  the  apex  oAbe 
cochlea  the  canal  is  closed  ;  at  the  base  it  presents  three  openings,  of  which 
one,  already  mentioned,  communicates  with  the  vestibule  ;  another,  called 


•  •  Fig.  312.  View  of  the  osseoiaa  cochlea  divided  through  tho  middle 
(Arnold).  {.— i,  central  canal  of  the  modiolus  ;  z,  lamina  spiralis  ossca  ;  3, 
BCsla  tjuipant  ;  4,  scala  vfstibuli ;  5,  porous  substance  of  the  modiolus  near 
one  of  the  sections  of  the  cbboUb  spiralis  raoilioli. 

t  Fig-  3I3-  Altered  from  Hcnli'.  Section  tlirougb  one  of  the  coils  of  tbe 
cochlea  (diagrammatic),  (from  (iuaiiCi  AiuUomy).  H  T,  scsla  tympani ;  S  V, 
■caJa  Testibuli ;  C  C,  canalis  cochlea;  or  canalis  membrnnnc«us  ;  Jt,  membrano 
of  Rciasner ;  t »  0,  lamina  spiralis  ossea  ill',  limbus  laminae  spirntis  ;  a  ), 
salens  spiralis  ;  «  c,  cochlear  nerve  ;  g  i,  ganglion  spirule  ;  (,  membrana  tee- 
toria  ;  (below  the  membranu  teotoria  is  tbe  lamina  reticularis  ;)  b,  membrana 
basilaris ;  Co,  rods  of  Corti ;  I  tp,  ligamentum  spimlc. 
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fenestra  rotvnda^  is  separated  by  a  membrane  from  thq  cavity  of  the  tym- 
panum ;  the  third  is  the  orifice  of  the  aqvaductus  cochle^j  a  canal  leading 
to  the  jugular  fossa  of  the  petrous  bone,  and  corresponding,  at  least  in 
obscurity  of  purpose  and  origin,  to  the  aquseductus  vestibuli.  The  spiral 
canal  is  divided  into  two  passages,  or  scalse,  by  a  partition  of  bone  and 
membrane,  the  lamina  xpiralU.  The  osseous  part  or  zone  of  this  lamina  is 
connecte<l  with  the  modiolus  ;  the  membranous  part,  with  a  muscular  zone, 
according  to  Todd  and  Bowman,  forming  its  outer  margin,  is  attached  to  the 
outer  wall  of  the  canal.  Commencing  at  the  base  of  the  cochlea,  between 
its  vestibular  and  tympanic  openings,  they  form  a  partition  between  these 
apertures  ;  the  two  scalro  are,  therefore,  in  correspondence  with  this  arrange* 
ment,  named  Jtcala  vetttihidi  and  scala  tympnni  (fig.  313).  At  the  apex  of 
the  cochlea,  the  lamina  spiralis  ends  in  a  small  liamvluf^  the  inner  and  con> 
cave  part  of  which,  lieing  detached  from  the  summit  of  the  modiolus,  leaves 
a  small  aperture  named  helicotrema,  by  which  the  two  seals,  separated  in 
all  the  rest  of  their  length,  communicate. 

Besides  the  •'  scnla  vestibuli "  and  '•  scala  tympani,"  there  is  a  third  space 
between  them,  called  »cala  media  or  canalin  meinbranaeati  (CC.  fig.  313). 
In  section  it  is  triangular,  its  external  wall  being  formed  by  the  wall  <rf  Uie 
cochlea,  its  upper  wall  (separating  it  from  the  scala  vestibuli)  by  the  mem- 
brane of  lleis.sner  and  its  lower  wall  (separating  it  from  the  scala  tympani), 
by  the  basilar  membrane,  these  two  meeting  at  the  outer  edge  of  the  bony 
lamina  spiralis.  Following  the  tunis  of  the  cochlea  to  its  apex,  the  scala 
media  there  terminates  blindly  ;  while  towards  the  base  of  the  cochlea  it  is 
also  closed  with  the  exception  of  a  very  narrow  passage  (canalis  reimiens) 
uniting  it  with  the  sacculus.  The  scala  media  (like  the  rest  of  the  mem- 
branous labyrinth)  contains  "  cndolymph." 

Organ  of  Corti. — Upon  the  basilar  membrane  are  arranged  cells  of 
various  shapes. 

About  midway  between  the  outer  edge  of  the  lamina  spiralis  and  the 
outer  wall  of  the  cochlea  are  situated  the  r(HU  of  Corti. 

Viewed  sideways,  the  rods  of  Corti  are  seen  to  consist  of  an  external  and 
internal  pillar,  each  rising  from  an  expanded  foot  or  base  on  the  basilar 
membrane,  lliey  slant  inwards  towards  each  other,  and  each  ends  in  a 
swellnig  termed  the  head  ;  the  head  of  the  inner  pillar  overlying  that  of  the 
outer  (fig.  314).  Each  pair  of  pillars  forms,  as  it  were,  a  pointed  roof 
arcHing  over  a  space,  and  by  a  succession  of  them,  a  little  tunnel  is  formed. 

It  has  been  estimated  that  there  are  about  3000  of  these  pairs  of  pillars, 
in  proceeding  from  the  base  of  the  cochlea  towards  its  apex.  They  are 
found  progressively  to  increase  in  length,  and  become  more  oblique ;  in 
other  woixls  the  tunnel  becomes  wider,  but  diminishes  in  height  as  we 
approach  the  apex  of  the  c(X'hlca.  Leaning,  as  it  were,  against  these  ex- 
ternal and  internal  pillars  are  certain  other  cells,  of  which  the  external  ones 
terminate  in  small  hair-like  processes.  Most  of  the  above  details  are  shown 
in  the  accompanying  figure  (fig.  314).  Tliis  complicated  structure  rests  as 
we  have  seen  upon  the  basilar  membrane  ;  it  is  roofed  in  by  a  remarkable 
fenestrated  membrane  (lamina  reticularis  of  Kolliker)  into  the  fcnestnc  of 
which  the  tops  of  the  various  rods  and  cells  are  receivecl.  When  viewed  from 
above,  the  organ  of  Corti  sliows  a  remarkable  resemblance  to  the  key-boaid 
of  a  piano.  In  close  relation  with  the  rods  of  Corti  and  the  cells  inside  and 
outside  them,  and  probably  projecting  by  free  ends  into  the  little  "tunnel** 
containing  fiuid  Cjooled  m  by  them),  are  filaments  of  the  auditory  nerve. 
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Membranona  Ziabyrinth. — This  coirespoDcU  generally  with 
the  form  of  the  osseous  labyrinth,  so  far  aa  regards  the  vestibule 
aiid  semicircular  canals,  hut  is  separated  from  the  walls  of  these 
parts  by  fluid,  except  where  the  nerves  cuter  into  conuectioa 


Fig.  314.* 


ec^  jo  qXkO  H3S^xJ>' 


within  it  As  already  mentioned  the  mcmbianous  labyrinth 
contains  a  fluid  called  tndolympk  and  between  its  outer  surface 
and  the  inner  surface  of  the  w  ills  of  the  vestibule  and  semi 
Circular  canals  is  aaother  collection  of  similar  fluid,  called  pen- 
Ijftnph  :  so  that  all  the  sonorous  vibrations  impressing  the  auditoiy 
nerves  on  these  parts  of  the  internal  ear,  are  couducted  through 
fluid  to  a  membrane  suspended  in  and  containing  fluid.     In  the 


*  Fig.  314.  Vertical  section  of  tliB  organ  ot  Corti  from  tlio  dog.  I  to  2, 
homogeneoas  layer  of  the  socalled  mcmbntnn  bnsilaris  ;  11,  Teslibular  layer  ; 
V,  tympanal  Uyer,  with  nuclei  and  protoplasm ;  n,  prolongation  of  tympanal 
periosteum  of  lamina  spiralis  ossea  ;  c,  thickened  eommencvment  of  the  mem- 
brvna  basilsris  near  the  point  of  porforntion  of  the  nerves  A  ;  ft,  blood-vessel 
<yafl  spirale)  ;  (,  blood-vessel  ;  /,  nen'es ;  3,  the  epithelium  of  the  snltua 
«piialia  intemus  ;  t,  internal  or  tufted  cell,  with  baenl  process  jt,  sutronnded 
with  uncUi  and  protoplasm  (of  the  granular  layer),  into  which  the  nerre- 
fihres  radiate ;  I,  Iwirs  of  the  internal  hair-coll ;  11,  base  or  foot  of  inner  pillar 
of  organ  of  Corti ;  m,  head  of  the  same  uniting  with  the  corresponding  part 
ut  an  external  pillar,  whose  under  half  is  missing,  while  the  next  pillar 
beyond,  0,  presents  both  middle  portion  and  base  ;  r,  »,  d,  three  external  hair 
cells  ;  (,  bases  of  two  neigbhouring  hair  or  tiiftod  cpIU  ;  r,  so-called  supporting 
cell  of  Hensen ;  w,  nerve-fibre  terminating  in  the  lirstof  theettertulWa- 
I'dls ;  lltot,  lamina  reticularis,      x  Sod  (Waldoy«T). 


coTcroil  Qii  tliu  inner  BUrfnce  with  nvit 
line  the  ninpullic  are  prolonged  into  h 
appeanmcc.  but  to  a  much  less  dcjnee, 
taeeuU.  In  the  cavities  of  the  ntriculn 
calcareons  pnrticIeB,  otoeimut  or  otalUht 
minute  qttantities,  arc  to  l>o  foniid  in 
membrancHis  labyrinth. 

Auditory  Nerve. — For  the  apj 
mcnU  of  the  ntiditory  iiervo  to  sonc 
now  described  are  provided.  It  is  ch 
senBC  by  its  softncsa  (whence  it  der 
the  Eeventh  pair),  and  by  the  fineni 
enters  the  labyrinth  of  the  ear  in  t' 
bule  and  semicircuUr  canals,  and  t 

The  branches  for  the  restibulc  spread 
of  the  membranous  Inbjrinth  :  their  exs 
for  the  Eemicircnhir  cannla  pnss  into  tht 
them,  a  forked  projection  which  correc 
of  the  ampnila.  The  branches  tor  the 
the  base  of  the  modiolus,  which  they  ■ 
into  canals  in  the  osseous  part  of  the  la 
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sufficient  for  mere  hearing;  for  all  substances  surrounding  the 
auditory  nerve  would  communicate  sound  to  it.  The  whole 
development  of  the  organ  of  hearing,  therefore,  can  have  for  its 
object  merely  the  rendering  more  perfect  the  propagation  of  the 
sonorous  vibrations,  and  their  multiplication  by  resonance ;  and,  in 
fact,  all  the  acoustic  apparatus  of  the  organ  may  be  shown  to  have 
reference  to  these  two  principles. 

Functions  of  the  External  Ear. — The  external  auditory 
passage  influences  the  propagation  of  sound  to  the  tympanum  in 
three  ways : — i,  by  causing  the  sonorous  undulations,  entering 
directly  from  the  atmosphere,  to  be  transmitted  by  the  air  in  the 
passage  immediately  to  the  membrana  tympani,  and  thus  prevent- 
ing them  from  being  dispersed ;  2,  by  the  walls  of  the  passage 
conducting  the  sonorous  undulations  imparted  to  the  external  ear 
itself,  by  the  shortest  path  to  the  attachment  of  the  membrana 
tympani,  and  so  to  this  membrane ;  3,  by  the  resonance  of  the 
column  of  air  contained  within  the  passage ;  4,  the  external  ear, 
especially  when  the  tragus  is  provided  with  hairs,  is  also,  doubt- 
less, of  service  in  protecting  the  meatus  and  membrana  tympani 
against  dust,  insects,  and  the  like. 

I.  As  a  conductor  of  undulations  of  air,  the  external  auditory  passage 
receives  the  direct  undulations  of  the  atmosphere,  of  which  those  that  enter 
in  the  direction  of  its  axis  produce  the  strongest  impressions.  The  undula- 
tions which  enter  the  passage  obliquely  are  reflected  by  its  parietes,  and 
thus  by  reflexion  reach  the  membrana  tympani.  By  reflexion,  also,  the 
external  meatus  receives  the  undulations  which  impinge  upon  the  concha  of 
the  external  ear,  when  their  angle  of  reflexion  is  such  that  they  are  thrown 
towards  the  tragus.  Other  sonorous  undulations,  again,  which  could  not 
enter  the  meatus  from  the  external  air  either  directly  or  by  reflexion,  may 
gtill  be  brought  into  it  by  inflexion  ;  undulations,  for  instance,  whose  direc- 
tion is  that  of  the  long  axis  of  the  head,  and  which  pass  over  the  surface  of 
the  ear,  must,  in  accordance  with  the  laws  of  inflexion,  be  bent  into  the 
external  meatus  by  its  margins.  But  the  action  of  those  undulations  which 
enter  the  meatus  directly,  are  most  intense  ;  and  hence  we  are  enabled  to 
judge  of  the  point  whence  sound  comes,  by  turning  one  ear  in  different 
directions,  till  it  is  directed  to  the  point  whence  the  vibrations  may  pass 
directly  into  the  meatus,  and  produce  the  strongest  impressions. 

2.  The  walls  of  the  meatus  are  also  solid  conductors  of  sound  ;  for  those 
vibrations  which  are  communicated  to  the  cartilage  of  the  external  ear,  and 
not  reflected  from  it,  are  propagated  by  the  shortest  path  through  the 
parietes  of  the  passage  to  the  membrana  tympani.  Hence,  both  ears,  being 
close  stopped,  the  sound  of  a  pipe  is  heard  more  distinctly  when  its  lower 
extremity,  covered  with  a  membrane,  is  applied  to  the  cartilage  of  the 
external  ear  itself,  than  when  it  is  placed  in  contact  with  the  surface  ol  \}ql!(i 
head. 
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3.  The  external  auditory  passage  is  important,  inasmuch  as  the  air  which 
it  contains,  like  all  insulated  masses  of  air,  increases  the  intensity  of  sounds 
by  resonance.  To  convince  ourselves  of  this,  we  need  only  len^hen  the 
passage  by  affixing  to  it  another  tube  :  every  sound  that  is  heard,  even  the 
sound  of  our  own  voice,  is  then  much  increased  in  intensity. 

The  action  of  the  cartilage  of  the  external  ear  upon  sonorous  vibrations  is 
partly  to  reflect  them,  and  partly  to  condense  and  conduct  them  to  the 
parietes  of  the  external  passage.  With  respect  to  its  reflecting  action,  the 
concha  is  the  most  important  i)art,  since  it  directs  the  reflected  undulations 
towards  the  tragus,  whence  they  are  reflected  into  the  auditory  passage. 
The  other  inequalities  of  the  external  ear  do  not  promote  hearing  by  re- 
flexion ;  and,  if  the  conducting  power  of  the  cartilage  of  the  ear  were  left 
out  of  consideration,  they  might  be  regarded  as  destined  for  no  particular 
use  ;  but  receiving  the  impulses  of  the  air,  the  cartilage  of  the  external  ear, 
while  it  reflects  a  part  of  them,  propagates  within  itself  and  condenses  the 
rest,  as  all  other  solid  and  clastic  bodies  would  do. 

Regarding  the  cartilage  of  the  external  car,  therefore,  as  a 
conductor  of  sonorous  vibrations,  all  its  inequalities,  elevations, 
and  depressions,  which  are  useless  with  regard  to  reflexion, 
become  of  evident  importance ;  for  those  elevations  and  depres- 
sions upon  which  the  undulations  fall  perpendicularly,  will  be 
affected  by  them  in  the  most  intense  degree  ;  and,  in  consequence 
of  the  various  form  and  position  of  these  inequalities,  sonorous 
undulations,  in  whatever  direction  they  may  come,  must  fell 
perpendicularly  upon  the  tangent  of  some  one  of  them.  This 
aftbrds  an  explanation  of  the  extraordinary  form  given  to  this 
part. 

Functions  of  the  Middle  Ear :  the  Tympanum,  Ossicula, 
and  FenestrsB. — In  animals  living  in  the  atmosphere,  the  sonorous 
vibrations  are  conveyed  to  the  auditory  nerve  by  three  different 
media  in  succession ;  namely,  the  air,  the  solid  parts  of  the  body 
of  the  animal  and  of  the  auditory  apparatus,  and  the  fluid  of  the 
labyrinth.  / 

Sonorous  vibrations  are  imparted  too  imperfectly  from  air  to 
solid  bodies,  for  the  propagation  of  sound  to  the  internal  ear  to  be 
adequately  effected  by  that  means  alone ;  yet  already  an  instance 
of  its  being  thus  propagated  has  been  mentioned. 

In  passing  from  air  directly  into  water,  sonorous  vibrations 
suffer  also  a  considerable  diminution  of  their  strength ;  hut  if 
a  tense  membrane  exists  between  the  air  and  the  water,  the 
sonorous  vibrations  are  communicated  from  the  former  to  the 
latter  medium  \<j\l\i  veiy  great  intensity.     This   fact,  of  which 
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Miillcr  gives  experimental  proof,  furnishes  at  once  an  explanation 
of  the  use  of  the  fenestra  rotunda,  and  of  the  membrane  closing 
it.  They  are  the  means  of  communicating,  in  full  intensity,  the 
vibrations  of  the  air  in  the  tympanum  to  the  fluid  of  the  laby- 
rinth. This  peculiar  property  of  membranes  is  the  result,  not  of 
their  tenuity  alone,  but  of  the  elasticity  and  capability,  of  dis- 
placement of  their  particles  ;  and  it  is  not  impaired  when,  like  the 
membrane  of  the  fenestra  rotunda,  they  are  not  impregnated  with 
moisture. 

Sonorous  vibrations  are  also  communicated  without  any  per- 
ceptible loss  of  intensity  from  the  air  to  the  water,  when  to 
the  membrane  forming  the  medium  of  communication,  there  is 
attached  a  short,  solid  body,  which  occupies  the  greater  part  of 
its  surface,  and  is  alone  in  contact  with  the  water.  This  fact 
elucidates  the  action  of  the  fenestra  ovalis,  and  of  the  plate 
of  the  stapes  which  occupies  it,  and,  with  the  preceding  fact, 
shows  that  both  fenestrso — ^that  closed  by  membrane  only,  and 
that  with  which  the  moveable  stapes  is  connected — transmit  very 
fi:^eely  the  sonorous  vibrations  from  the  air  to  the  fluid  of  the 
lab3nrinth. 

A  small,  solid  body,  fixed  in  an  opening  by  means  of  a  border 
of  membrane,  so  as  to  be  moveable,  communicates  sonorous 
vibrations  from  air  on  the  one  side,  to  water,  or  the  fluid  of  the 
labyrinth,  on  the  other  side,  much  better  than  solid  media  not  so 
constructed.  But  the  propagation  of  soimd  to  the  fluid  is  ren- 
dered much  more  perfect  if  the  sohd  conductor  thus  occupying 
the  opening,  or  fenestra  ovalis,  is  by  its  other  end  fixed  to  the 
middle  of  a  tense  membrane,  which  has  atmospheric  air  on  both 
sides. 

Fnnotionfl  of  Membrana  Tympani. — A  tense  membrane  is 
a  much  better  conductor  of  the  vibrations  of  air  than  any  other 
solid  body  bounded  by  definite  surfaces :  and  the  vibrations  are 
also  communicated  very  readily  by  tense  membranes  to  solid 
bodies  in  contact  with  them.  Thus,  then,  the  membrana  tympani 
serves  for  the  transmission  of  sound  from  the  air  to  the  chain  of 
auditory  bones.  Stretched  tightly  in  its  osseous  ring,  it  vibrates 
with  the  air  in  the  auditory  passage,  as  any  thin  tense  membrane 
will,  when  the  air  near  it  is  thrown  into  vibrations  by  the  soimd- 
ing  of  a  tuning-fork  or  a  musical  string.    And,  from  suck  ^  \A\!i^^ 
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vibrating  membrane,  the  vibrations  are  communicated  with  great 
intensity  to  solid  bodies  which  touch  it  at  any  point.  If,  for 
example,  one  end  of  a  flat  piece  of  wood  be  applied  to  the  mem- 
brane of  a  drum,  while  the  other  end  is  held  in  the  hand,  vibra- 
tions are  felt  distinctly  when  the  vibrating  timing-fork  is  held  over 
the  membrane  without  touching  it ;  but  the  wood  alone,  isolated 
from  the  membrane,  will  only  very  feebly  propagate  the  vibrations 
of  the  air  to  the  hand. 

In  comparing  the  mcmbrana  tympani  to  the  membrane  of  a  dram,  it  is 
necessary  to  point  out  certain  important  differences. 

When  a  drum  is  struck,  a  certain  definite  tone  is  elicited  (fondamental 
tone) ;  similarly  a  drum  is  thrown  into  vibration  when  certain  tones  are 
sounded  in  its  neighbourhood,  while  it  is  quite  unaffected  by  others.  In 
other  words  it  can  only  take  up  and  vibrate  in  response  to  those  tones  whose 
vibrations  nearly  correspond  in  number  with  those  of  its  own  fundamental 
tone.  The  tympanic  membrane  can  take  up  an  immense  range  of  tones  pro- 
duced by  vibrations  ranging  from  30  to  4000  or  5000  per  second.  This 
would  be  clearly  impossible  if  it  were  an  evenly  stretched  membrane. 

The  fact  is,  that  the  tympanic  membrane  is  by  no  means  evenly  stretched, 
and  this  is  due  partly  to  its  slightly  funnel-like  form,  and  partly  to  its  being" 
connected  with  the  chain  of  auditory  ossicles.  Further,  if  the  membrane 
were  quite  free  in  its  centre,  it  would  go  on  vibrating  as  a  drum  does  some 
time  after  it  is  struck,  and  each  sound  would  be  prolonged,  leading  to  con- 
siderable confusion.  This  evil  is  obviated  by  the  ear-bones,  which  check  the 
continuance  of  the  vibrations  like  the  "  dampers  "  in  a  pianoforte. 

Funotioiis  of  the  Ear  Bones. — The  ossicula  of  the  ear  are 
the  better  conductors  of  the  sonorous  vibrations  communicated  to 
them,  on  account  of  being  isolated  by  an  atmosphere  of  air,  and 
not  continuous  with  the  bones  of  the  cranium ;  for  every  solid 
body  thus  isolated  by  a  different  medium,  propagates  vibrations 
with  more  intensity  through  its  own  substance  than  it  communi- 
cates them  to  the  surrounding  medium,  which  thus  prevents  a 
dispersion  of  the  sound;  just  as  the  vibrations  of  the  air  in  the 
tubes  used  for  conducting  the  voice  from  one  apartment  to  another 
are  prevented  from  being  dispersed  by  the  solid  walls  of  the  tube. 
The  vibrations  of  the  membrana  tympani  are  transmitted,  there- 
fore, by  the  chain  of  ossicula  to  the  fenestra  ovalis  and  fluid  of 
the  labyrinth,  their  dispersion  in  the  tympanum  being  prevented 
by  the  difficulty  of  the  transition  of  vibrations  from  solid  t0 
gaseous  bodies. 

The  necessity  of  the  presence  of  air  on  the  inner  aide  of  the 
membrana  tympani,   in  order  tc  enable  it   and    the    oesiGiila 
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auditus  to  fulfil  the  objects  just  described,  is  obvious.  Without 
this  provision,  neither  would  the  vibrations  of  the  membrane  be 
free,  nor  the  chain  of  bones  isolated,  so  as  to  propagate  the 
sonorous  undulations  with  concentration  of  their  intensity.  But 
while  the  oscillations  of  the  membrana  tympani  are  readily  com- 
mimicated  to  the  air  in  the  cavity  of  the  tympanum,  those  of 
the  solid  ossicula  will  not  be  conducted  away  by  the  air,  but  will 
be  propagated  to  the  labyrinth  without  being  dispersed  in  the 
tympanum. 

The  propagation  of  sound  through  the  ossicula  of  the  tympanum 
to  the  labyrinth,  must  be  effected  either  by  oscillations  of  the 
bones,  or  by  a  kind  of  molecular  vibration  of  their  particles,  or, 
most  probably,  by  both  these  kinds  of  motion. 


Fig^  315-* 


MorementS  of  Ear-bones. — Edoaard  Weber  has  shown  that  the 
existence  of  the  membrane  over  the  fenestra 
Totonda  will  permit  approximation  and  removal 
of  the  stapes  to  and  from  the  labyrinth.  When 
by  the  stapes  the  membrane  of  the  fenestra 
ovalis  is  pressed  towards  the  labyrinth,  the 
membrane  of  the  fenestra  rotunda  may,  by 
the  pressure  commonicated  through  the  fluid 
of  the  labyrinth,  be  pressed  towards  the  cavity 
of  the  tympanum. 

The  long  process  of  the  malleus  receives  the  un- 
dulations  of  the  membrana  tympani  (fig.  3 15,  a,  a) 
and  of  the  air  in  a  direction  indicated  by  the 
trrows,  nearly  perpendicular  to  itself.  From 
the  long  process  of  the  malleus  they  are  pro- 
'  pagated  to  its  head  (jb)  :  thence  into  the  incus 
(0),  the  long  process  of  which  is  parallel  with 
the  long  process  of  the  malleus.  From  the  long 
process  of  the  incus  the  undulations  are  com- 
municated to  the  stapes  (d)  which  is  united  to 
the  incus  at  right  angles.  The  several  changes 
in  the  direction  of  the  chain  of  bones  have, 

however,  no  influence  on  that  of  the  undulations,  which  remains  the  same  as 
it  waa  in  the  meatus  extemus  and  long  process  of  the  malleus,  so  that  the 
midolations  are  communicated  by  the  stapes  to  the  fenestra  ovalis  in  a  per- 
pendicular direction. 

Increasing  tension  of  the  membrana  tympani  diminishes  the 
fiicilitj  of  transmission  of  sonorous  imdulations  from  the  air  to  it. 

Hr.  Savart  observed  that  the  dry  membrana  tympani,  on  the  approach  of 
a  body  emitting  a  loud  sound,  rejected  particles  of  sand  strewn  upon  it  more 
itroDgly  when  lax  than  when  very  tense  ;  and  inferred,  therefoie,tV:AX\y^»s- 
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ing  is  rendered  less  acute  by  increasing  the  tension  of  the  membrana  tjm* 
pani.  Miiller  has  confirmed  this  by  experiments  with  small  membranes 
arranged  so  as  to  imitate  the  membrana  tympani  ;  and  it  may  be  confibrmed 
also  by  observations  on  one's  self. 

The  pharyngeal  orifice  of  the  Eustachian  tube  is  usually  shut ;  during 
swallowing,  however,  it  is  opened  ;  this  may  be  shown  as  follows.  If  the 
nose  and  mouth  be  closed  and  the  cheeks  blown  out,  a  sense  of  pressure  is 
produced  in  both  ears  the  moment  we  swallow  ;  this  is  due,  doubtless,  to  the 
bulging  out  of  the  tympanic  membrane  by  the  compressed  air  which,  at  that 
moment,  enters  the  Eustachian  tube. 

Similarly  the  tympanic  membrane  may  be  pressed  in  by  rarefying  the  air 
in  the  tympanum.  This  can  be  readily  accomplished  by  closing  the  month 
and  nose,  and  making  an  inspiratory  effort  and  at  the  same  time  swallowing 
(Valsalva).  In  both  cases  the  sense  of  hearing  is  temporarily  dulled  ;  prov- 
ing that  equality  of  pressure  on  both  sides  of  the  tympanic  membrane  is 
necessary  for  its  full  efficiency. 

Funotions  of  Eiistaoliian  Tube. — The  principal  office  of  the 
Eustachian  tube,  in  Miiller's  opinion,  has  relation  to  the  prevention 
of  these  effects  of  increased  tension  of  the  membrana  tympani 
Its  existence  and  openness  will  provide  for  the  maintenance  of 
the  equilibrium  between  the  air  within  the  tympanum  and  the 
external  air,  so  as  to  prevent  the  inordinate  tension  of  the  mem- 
brana tympani  which  would  be  produced  by  too  great  or  too  little 
pressure  on  either  side.     While  discharging  this  office,  however, 
it  will  serve  to  render  sounds  clearer,  as  (Henle  suggests)  the 
apertures  in  violins  do ;  to  supply  the  tympanum  with  air ;  and  to 
be  an  outlet  for  mucus.     If  the  Eustachian  tube  were  pemumadljl 
open,  the  sound  of  one's  own  voice  would  probably  be  greatly 
intensified,  a  condition  which  would  of  course  interfere  with  the 
perception  of  other  sounds.   At  any  rate,  it  is  certain  that  sonoioitf 
vibrations  can  be  propagated  up  the  Eustachian  tube  to  the  tym- 
panum by  means  of  a  tube  inserted  into  the  pharyngeal  orifice  rf 
the  Eustachian  tube. 

Action  of  Tensor  Tympani. — The  influence   of  the  tensor 
tympani  muscle  in  modifying  hearing  may    also   be  probaUj 
explained  in  connection  with  the  regulation  of  the  tension  of  iHofi 
membrana  tympani     If,  through  reflex  nervous  action^  it  can  be 
excited  to  contraction  by  a  very  loud  sound,  just  as  the  iris  and 
orbicularis  palpebrarum  muscle  are  by  a  very  intense  light,  then 
it  is  manifest  that  a  very  intense  sound  would,  through  the  action 
of  this  muscle,  induce  a  deafening  or  muffling  of  the  ears.    In 
favour  of  this  supposition  we  have  the  fact  that  a  loud  sound 
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excites,  by  reflection,  nervous  action,  winking  of  the  eyelids,  and, 
in  persons  of  irritable  nervous  system,  a  sudden  contraction  of 
many  muscles. 

'^  The  osaicxila  of  aquatic  mammalia  arc  very  bulky  and  relatiyely  lai:ge, 
especially  in  the  trae  seals  and  the  sirenia  (Manatee  and  Dngong).  In  the 
cetacea  ^e  stapes  is  generally  ankylosed  to  the  fenestra  oyalis^  the  maUeus 
is  always  ankylosed  to  the  tympanic  bone,  yet  the  membrana  tympani  is 
well  formed  and  there  is  a  manubrium,  often  ill-developed,  but  always 
attached  to  the  membrane  by  a  long  process.  In  the  Otariidse  or  8ea-lions, 
where  the  ossicula  are  far  smaller  relatively,  and  less  solid  than  in  whales, 
manatees,  and  the  earless  true  seals,  there  are  well-formed,  moveable  external 
ears. 

"  The  ossicula  seem  to  be  vestigial  relics  utilized  for  the  auditory  function. 
In  land  animals  they  vary  in  shape  according  to  the  type  of  the  animal 
rather  than  in  relation  to  its  acuteness  of  hearing. 

"  I  have  never  found  a  muscular  laxator  tympani  in  any  animal,  but  the 
tensor  exists  as  a  ligament  in  whales  where  the  malleus  is  fixed  "  (Alban 
Doran). 

Action  of  the  Stapedius. — The  influence  of  the  stapedius 
muscle  in  hearing  is  unknown.  It  acts  upon  the  stapes  in  such 
a  manner  as  to  make  it  rest  obliquely  in  the  fenestra  ovalis, 
depressing  that  side  of  it  on  which  it  acts,  and  elevating  the 
other  side  to  the  same  extent.  It  prevents  too  great  a  movement 
of  the  bone. 

Fonotions  of  the  Labyrinth. — TJie  fluid  of  the  labyrinth  is 
the  most  general  and  constant  of  the  acoustic  provisions  of  the 
labyrinth.  In  all  forms  of  organs  of  hearing,  the  sonorous 
Tibrations  aflect  the  auditoiy  nerve  through  the  medium  of  liquid 
—the  most  convenient  medium,  on  many  accounts,  for  such  a 
purpose. 

The  crystalline  ptUverulent  masses  (otoliths)  in  the  labyrinth 
would  reinforce  the  sonorous  vibrations  by  their  resonance,  even 
if  they  did  not  actually  touch  the  membranes  upon  which  the 
nerves  are  expanded  ;  but,  inasmuch  as  these  bodies  lie  in  contact 
with  the  membranous  parts  of  the  labyrinth,  and  the  vestibular 
nerve-fibres  are  imbedded  in  them,  they  communicate  to  these 
membranes  and  the  nerves,  vibratory  impulses  of  greater  intensity 
than  the  fluid  of  the  labyrinth  can  impart.  This  appears  to  be 
their  office.  Sonorous  undulations  in  water  are  not  perceived  by 
the  hand  itself  immersed  in  the  water,  but  are  felt  distinctly 
through  the  medium  of  a  rod  held  in  the  hand.    Tli<^  ^u^  "Wet- 
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like  prolongations  from  the  epithelial  cells  of  the  ampullse  have, 
probably,  the  same  function. 

JPunctions  of  the  semicireular  canals, — Besides  the  function  of  collecting 
in  their  fluid  contents  sonorous  undulations  from  the  bones  of  the  cranium, 
the  semicircular  canals  appear  to  have  another  function  less  directly  con- 
nected with  the  sense  of  hearing.  Experiments  shew  that  when  the  hori- 
zontal canal  is  divided  in  a  pigeon  a  constant  movement  of  the  head  from 
side  to  side  occurs,  and  similarlj,  when  one  of  the  vertical  canals  is  operated 
upon,  up  and  down  movements  of  the  head  are  observed.  These  movements 
are  associated,  also,  vdth  loss  of  co-ordination,  as  after  the  operation  the  bird 
is  unable  to  fly  in  an  orderly  manner,  but  flutters  and  falls  when  thrown 
into  the  air,  and,  moreover,  is  able  to  feed  with  difficulty.  Hearing  remains 
unimpaired.  It  has  been  suggested,  therefore,  that  as  loss  of  coK>rdination 
results  from  section  of  these  canals,  and  as  co-ordinate  muscular  movements 
appear  to  depend  to  a  considerable  extent  for  their  due  performance  upon  a 
correct  notion  of  our  equilibrium,  that  the  semicircular  canals  are  connected 
in  some  way  with  this  sense,  possibly  by  the  constant  alterations  of  the 
pressure  of  the  fluid  within  them.  The  change  in  the  pressure  of  the  fluid 
in  each  canal  which  takes  place  on  any  movement  of  the  head,  producing 
sensations  which  aid  in  forming  an  exact  judgment  of  the  alteration  d. 
position  which  has  occurred. 

Funotions  of  the  Cochlea. — The  cocIUea  seems  to  be  con- 
structed for  the  spreading  out  of  the  nerve-fibres  over  a  wide  extent 
of  surface,  upon  a  solid  lamina  which  communicates  with  the  solid 
walls  of  the  labyrinth  and  cranium,  at  the  same  time  that  it  is 
in  contact  with  the  fluid  of  the  labyrinth,  and  which,  besides 
exposing  the  nerve-fibres  to  the  influence  of  sonorous  undulations, 
by  two  media,  is  itself  insulated  by  fluid  on  either  side. 

The  connection  of  the  lamina  spiralis  with  the  solid  walls  of 
the  labyrinth,  adapts  the  cochlea  for  the  perception  of  the 
sonorous  undulations  propagated  by  the  solid  parts  of  the  head 
and  the  walls  of  the  labyrinth.  The  membranous  labyrinth  of 
the  vestibule  and  semicircular  canals  is  suspended  free  in  the 
perilymph,  and  is  destined  more  particularly  for  the  perception 
of  sounds  through  the  medium  of  that  fluid,  whether  the  sonorous 
undulations  be  imparted  to  the  fluid  through  the  fenestrse,  or  by 
the  intervention  of  the  cranial  bones,  as  when  sounding  bodies  are 
brought  into  communication  with  the  head  or  teeth.  The  spiral 
lamina  on  which  the  nervous  fibres  are  expanded  in  the  cochlea, 
is,  on  the  contrary,  continuous  with  the  soHd  walls  of  the  laby- 
rinth, and  receives  directly  from  them  the  impulses  which  they 
transmit  This  is  an  important  advantage;  for  the  impulses 
imparted  by  hoM  bodies,  have,  cceteris  paribus^  a  greater  absolute 
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intenBity  than  those  communicated  by  water.  And,  even  when  a 
soimd  is  eicited  in  the  water,  the  sonorous  undulations  are  more 
intense  in  the  water  near  the  surface  of  the  vessel  containing  it, 
than  in  other  parts  of  the  water  equally  distant  from  the  point  of 
origin  of  the  sound ;  thus  we  may  conclude  that,  ccetcris  paribus^ 
the  sonorous  imdulations  of  solid  bodies  act  with  greater  intensity 
than  those  of  water.  Hence  we  perceive  at  once  an  important 
use  of  the  cochlea. 

This  is  not,  however,  the  sole  oflScc  of  the  cochlea ;  the  spiral 
lamina,  as  well  as  the  membranous  labyriuth,  receives  sonorous 
impulses  through  the  mediiun  of  the  fluid  of  the  labyrinth  from 
the  cavity  of  the  vestibule,  and  from  the  fenestra  rotunda.  The 
lamina  spiralis  is,  indeed,  much  better  calcidated  to  render  the 
action  of  these  undulations  upon  the  auditory  nerve  efficient, 
than  the  membranous  labyrinth  is  ;  for,  as  a  solid  body  insulated 
by  a  different  medium,  it  is  capable  of  resonauce. 

The  rods  of  Corti  are  probably  arranged  so  that  each  is  set 
to  vibrate  in  imisou  with  a  particular  tone,  and  thus  strike  a 
particular  note,  the  sensation  of  which  is  carried  to  the  brain 
by  those  filaments  of  the  auditory  nerve  with  which  the  little 
vibrating  rod  is  connected.  The  distinctive  function,  therefore, 
of  these  minute  bodies  is,  probably,  to  render  sensible  to  the  brain 
the  various  musical  notes  and  tones,  one  of  them  answering  to 
one  tone,  and  one  to  another ;  while  perhaps  the  other  parts  of 
the  organ  of  hearing  discriminate  between  the  intensities  of 
different  sounds,  rather  than  their  qualities. 

"In  the  cochlea  we  have  to  do  with  a  series  of  apparatus 
adapted  for  performing  sympathetic  vibrations  with  wonderful 
exactness.  We  have  here  before  us  a  musical  instriunent  which 
is  designed,  not  to  create  musical  sounds,  but  to  render  them 
perceptible,  and  which  is  similar  in  construction  to  artificial 
musical  instruments,  but  which  far  surpasses  them  in  the  delicacy 
as  well  as  the  simplicity  of  its  execution.  For,  while  in  a  piano 
every  string  must  have  a  separate  hammer  by  means  of  which  it 
is  sounded,  the  ear  possesses  a  single  hammer  of  an  ingenious 
form  in  its  ear-bones,  which  can  make  every  string  of  the  organ  of 
Corti  sound  separately."     (Bernstein.) 

.  About  3000  rods  of  Corti  are  present  in  the  human  ear ;  this  would  give 
about  400  to  each  of  the  seven  octaves  which  are  within  the  cQixr^«E&  q1^^^ 
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ear.  Thus  about  32  would  go  to  each  Bemi't4mc.  Weber  aflserts  that  accom- 
plished musicians  can  appreciate  differences  in  pitch  as  small  as  j^th  of  a 
tone.  Thus  on  the  theory  above  advanced,  the  delicacy  of  discrimination 
would,  in  this  case,  appear  to  have  reached  its  limits. 

Sensibility  of  the  Auditory  Herve. — ^Any    elastic    body, 

e.  g.f  air,  a  membrane,  or  a  string  performing  a  certain  number  of 
regular  vibrations  in  the  second,  gives  rise  to  what  is  termed  a 
musical  soimd  or  tone.  We  must,  however,  distinguish  between  a 
musical  sound  and  a  mere  noise ;  the  latter  being  due  to  irregular 
vibrations. 

QualitieB  of  Musical  Sound. — Musical  sounds  arc  distin- 
guished from  each  other  by  three  qualities,  i.  Strength  or  inten- 
sity, which  is  due  to  the  amplitude  or  length  of  the  vibrations. 
2.  Pitch,  which  depends  upon  the  number  of  vibrations  in  a 
second.  3.  Qvuility,  Colour,  or  Timbre.  It  is  by  this  property 
that  we  distinguish  the  same  note  sounded  on  two  instruments, 

f.  (/.,  a  piano  and  a  flute.  It  has  been  proved  by  Helmholtz  to 
depend  on  the  number  of  secondary  notes,  termed  liarmonia, 
which  arc  present  with  the  predominating  or  fundamental  tone. 

It  would  appear  that  two  impulses,  which  are  equivalent  to  four  single  or 
half  vibrations,  are  sufficient  to  produce  a  definite  note,  audible  as  such 
through  the  auditory  nerve.  The  note  produced  by  the  shocks  of  the  teeth 
of  a  revolving  wheel,  at  regular  intervals  upon  a  solid  IxKly,  is  still  heard 
when  the  teeth  of  the  wheel  are  removed  in  succession,  until  two  only  are 
left ;  the  second  producetl  by  the  impulse  of  these  two  teeth  has  stiU  the 
same  definite  value  in  the  scale  of  music. 

The  maximum  and  minimum  of  the  intervals  of  successive  impulses  still 
appreciable  through  the  auditory  nerve  as  determinate  sounds,  have  been 
determined  by  M.  Savart.  If  their  intensity  is  sufficiently  g^reat^  sounds  are 
still  audible  which  result  from  the  succession  of  48,000  half  vibrations,  or 
24,000  impulses  in  a  second  ;  and  this,  probably,  is  not  the  extreme  limit  in 
acutencss  of  sounds  perceptible  by  the  ear.  For  the  opposite  extreme,  he 
has  succeeded  in  rendering  sounds  audible  which  were  produced  by  only 
fourteen  or  eighteen  half  vibrations,  or  seven  or  eight  impulses  in  a  second ; 
and  sounds  still  deeper  might  probably  bo  heard,  if  the  individual  impulses 
could  be  sufficiently  prolonged. 

By  removing  one  or  several  teeth  from  the  toothed  wheel 
before  mentioned,  M.  Savart  was  enabled  to  satisfy  himself  of 
the  fact  that  in  the  case  of  the  auditory  nerve,  as  in  that  of  the 
optic  nerve,  the  sensation  continues  longer  than  the  impression 
which  causes  it ;  for  the  removal  of  a  tooth  from  the  wheel 
produced  no  interruption  of  the  sound.    The  gradual  oessatioo 
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of  the  sensation  of  sound  renders  it  difficult,  however,  to  deter- 
mine its  exact  duration  beyond  that  of  the  impression  of  the 
sonorous  impulses. 

Direction. — The  power  of  perceiving  the  direction  of  sounds  is 
not  a  faculty  of  the  sense  of  hearing  itself,  but  is  an  act  of  the 
mind  judging  on  experience  previously  acquired.  From  the  modi- 
fications which  the  sensation  of  sound  undergoes  according  to  the 
direction  in  which  the  sound  reaches  us,  the  mind  infers  the 
position  of  the  sounding  body.  The  only  true  guide  for  this 
inference  is  the  more  intense  action  of  the  sound  upon  one  than 
upon  the  other  ear.  But  even  hero  there  is  room  for  much 
deception,  by  the  influence  of  reflexion  or  resonance,  and  by  the 
propagation  of  sound  from  a  distance,  without  loss  of  intensity, 
through  curved  conducting  tubes  filled  with  air.  By  means  of 
such  tubes,  or  of  solid  conductors,  which  convey  the  sonorous 
vibrations  from  their  source  to  a  distant  resonant  body,  sounds 
may  be  made  to  appear  to  originate  iu  a  new  situation. 

The  direction  of  sound  may  also  be  judged  of  by  means  of  one 
ear  only  ;  the  position  of  the  ear  and  head  being  varied,  so  that 
the  sonorous  undulations  at  one  moment  fall  upon  the  ear  in  a 
perpendicular  direction,  at  another  moment  obliquely.  But  when 
neither  of  these  circumstances  can  guide  us  in  distinguishing  the 
direction  of  sound,  as  when  it  falls  equally  upon  both  ears,  its 
source  being,  for  example,  either  directly  in  front  or  behind  us,  it 
becomes  impossible  to  determine  whence  the  sound  comes. 

Distance. — The  distance  of  the  source  of  sounds  is  not  recognised 
by  the  sense  itself,  but  is  inferred  froia  their  intensity.  Tho 
sound  itself  is  always  seated  but  in  one  place,  namely,  in  our  ear ; 
but  it  is  interpreted  as  coming  from  an  exterior  soniferous  body. 
When  the  intensity  of  the  voice  is  modified  in  imitation  of  the 
effect  of  distance,  it  excites  the  idea  of  its  originating  at  a  dis- 
tance. Ventriloquists  take  advantage  of  the  difficulty  with  which 
the  direction  of  sound  is  recognised,  and  also  the  influence  of  the 
imagination  over  our  judgment,  when  they  direct  their  voice  in 
a  certain  direction,  and  at  the  same  time  pretend,  themselves,  to 
hear  the  sounds  as  coming  from  thence. 

The  experiments  of  Savart,  already  referred  to,  prove  that  the 
effect  of  the  action  of  sonorous  undulations  upon  the  nerve  of 
hearing,  endures  somewhat  longer  than  the  period  d\mxv^^\vv^ 
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tympanum,  so  as  make  tense  the  membrana  t jmpani ;  and  in  the 
act  of  blowing  the  nose,  as  well  during  the  forcible  depression  of 
the  lower  jaw. 

Irritation  or  excitement  of  the  auditory  nerve  is  capable  of 
giving  rise  to  movements  in  the  body,  and  to  sensations  in  other 
organs  of  sense.  In  both  cases  it  is  probable  that  the  laws  of 
reflex  action,  through  the  medium  of  the  brain,  come  into  play. 
An  intense  and  sudden  noise  excites,  in  every  person,  closure  of 
the  eyelids,  and,  in  nervous  individuals,  a  start  of  the  whole 
lx)dy  or  an  unpleasant  sensation,  like  that  produced  by  an  electric 
shock,  throughout  the  body,  and  sometimes  a  particular  feeling 
in  the  external  ear.  Various  sounds  cause  in  many  people  a 
diangieeable  feeling  in  the  teeth,  or  a  sensation  of  cold  tickling 
throdgh  the  body,  and,  in  some  people,  intense  sounds  are  said  to 
make  the  saliva  collect. 

The  sense  of  hearing  may  in  its  turn  be  affected  by  impressions 
on  many  other  parts  of  the  body ;  especially  in  diseases  of  the 
abdominal  viseera,  and  in  febrile  affections.  Here,  also,  it  is 
probable  that  the  central  organs  of  the  nervous  system  are  the 
media  through  which  the  impression  is  transmitted. 

The  Sense  of  Sight. 

EtyeljdA>A]id  Lachrymal  Apparatus* — The  ei/elids  consist 
of  two  moveaUe  folds  of  skin,  each  of  which  is  kept  in  shape  by  a 
thhi:  plate  of  yellow  elastic  tissue.  Along  their  free  edges  are 
inserted  a  number  of  cm*ved  hairs  (e^elaslies),  which,  when  the  lids 
are  half  closed,  serve  to  protect  the  eye  from  dust  and  other  foreign 
bodies :  their  tactile  sensibility  is  also  very  delicate. 

On  the  inner  surface  of  the  elastic  tissue  are  disposed  a 
number  of  small  racemose  glands  (Meibomian),  whose  ducts  open 
near  the  free  edge  of  the  lid. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly 
sensitive  mucous  membrane  (conjunctiva),  which  is  continuous 
with  the  skin  at  the  free  edge  of  each  lid,  and  after  lining  the 
inner  siuface  of  the  eyelid  is  reflected  on  to  the  eyeball,  being 
somewhat  loosely  adherent  to  the  sclerotic  coat.  The  epithelial 
layer  is  continued  over  the  cornea  at  its  anterior  epitheliimi.  At 
the  inner  edge  of  the  eye  the  conjunctiva  becomes  continuous 
with  the  mucous  lining  of  the  lachrymal  sac  au^  ^xjiaX.,  ^\icks2cL 
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again  is  continuous  vith  the  mucous  membrane  of  the  inferior 
moatuB  of  the  uoso. 

Tho  lachrymal  gland  is  lodged  in  the  upper  and  outer  an^  of 
the  orbit.  Its  secretion,  which  issues  from  several  ducts  on  the 
inner  surface  of  the  upper  hd,  under  ordinary  circumstances  just 
suffices  to  keep  the  conjunctiva  moist  It  passea  out  throng 
two  small  openings  (puncta  lachrymalia)  near  the  inner  an^ 
of  the  e}'e,  one  in  each  lid,  into  the  lachrymal  sac,  and  thenoe 

Fig.  3:6.* 


along  the  uasiil  duct  into  tho  inferior  meatus  of  the  uoac.  Tb& 
excessive  eeci-etion  ponrcd  out  under  the  influence  of  any  irritating 
vapour  or  painful  emotion  overflows  the  lower  lid  in  the  form  <rf 
tears. 

The  eyclida  are  closed  l)y  the  contraction  of  a  sphincter  muscle 
{prbicularu),  supplied  liy  the  Facial  nerve ;  the  upper  lid  is 
raised  by  the  Levator  palptbrce  mpmorit,  which  is  supplied  by  the 
Third  nen-e. 

The  EyebalL 

Structure.— The  eyeball  or  the  oigan  of  vision  (fig.  316) 
consists  of  a  variety  of  structures  which  may  bo  thus  enume- 
rated :— 

Tho  sclerotic,  or  ovLtermost  coat,  envelopes  about  firfruzths  of 
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the  eyeball :  contiDuoua  with  it,  in  front,  and  occupying  the 
remaining  sixth,  is  the  cornea.  lounediatelj  within  the  sclerotio 
is  the  duiroid  coat,  and  within  the  choroid 
is  the  retina.  The  interior  of  the  eyeball 
is  well-nigh  filled  by  the  aqweoui  and 
vitreout  humourt  and  the  ayiCalline  lau  ; 
but,  also,  there  is  suspended  in  the  interior 
a  contractile  and  perforated  curtain, — the 
iris,  for  regulating  the  admission  of  light, 
and  behind  the  junction  of  the  sclerotic 
and  oomea  is  a  ciliaij  muscle,  the  func- 
tion of  which  is  to  adapt  the  eye  for 
seeing  ol^jectB  at  various  distances. 

These  structures  may  be  examined 
nther  more  in  detail 

Stmoture  of  Bolerotio. — The  tderolie 
etmH  U  composed  of  connective  tissue, 
■Ranged  in  variously  disposed  and  inter- 
OMnmunicating  layers.  It  is  strong,  tough, 
•Dd  opaque,  and  not  vety  elastic^ 

■tmotare  of  Cornea. — The  cornea  is 
a  trwisparent  membrane  which  forms  a 
aOgment  of    a   smaller    sphere  than   the 
nst  of  the  eyeball,  and  is  let  in,  as  it  were, 
into  the  sclerotic  with  which  it  is  con- 
tinooos  all  round.    It  is  coated  with  a 
laminated  anterior  epithelium  (a,  fig  318) 
oonBiBtiog  of  seven  or  eight  layers  of  cells,  of  which  the  superficial 
ones  ore  flattened  and  scaly,  and  the  deeper  ones  more  or  less 
columnar.  Inmiediately  beneath  this  is  the  anterior  elastic  lamina 
(Bowman). 

Fig.  317.  Vertical  section  of  Kiibbil's  cornea,  sUined  with  chloride  ot  golil. 
«,  laminated  anterior  epithelium.  Immedialet;  beneath  thu  is  the  aDterior 
eUitte  lamina  of  Bowman,  n,  Nerves  Tonning  a  delicate  snb-epithelial 
plexus,  and  sending  up  fine  twigs  between  the  epithelial  cells  to  end  in  a 
second  plexus  on  the  free  surface,  d,  Deacemet's  membrane,  consisting  of  a 
fine  elastic  layer,  and  a  single  layer  of  epithelial  cells.  The  substance  of  the 
comes  /,  i*  seen  to  be  fibrillated,  and  contains  many  layers  of  branched 
coTpnkles,  amnged  patsllel  to  the  free  surface,  and  here  seen  edgewise 
(SchoGeld). 


sarface,  and  forming  the  boundari 
spooes  in  which  tho  oomea-corpusolt 
ooFpuBcles  have  been  seen  to  creep 
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of  Desccmet,  the  inner  layer  of  which  couBiats  of  a  eingle  atratum 
of  epithelial  sells  (fig.  3i7>  d). 

Hema  of  Cornea. — The  nen-es  of  the  cornea  are  both  lat^o 
and  nnmeroufl  r  they  are  derived  from  the  ciLary  nerres.  They 
traverao  the  Bubatance  of  the  cornea,  in  which  some  of  them 
terminate,  in  the  direction  of  its  anterior  eiirface,  near  which  tho 
axis  cylinders  break  up  into  bundles  of  very  delicate  beaded 
fibrillffi(fig.  317):  these  form  a  plexus  immediately  beneath  the 
epithelium,  froih  which  delicate  fibrih  paaa  up  between  tho  cells 
anastomosing  with  horizontal  branches,  and  forming  a  deep  intia- 

Fig.  3M.* 


epithelial  plexus,  from  which  fibres  ascend,  till  near  the  surfaco 
they  form  a  superficial  intrarepitbelial  net-work. 

atmoture  of  the  Choroid  (tunica  vasculoga). — This  membrane 
is  lined  internally  by  a  single  layer  of  tesacllated  pigmented 
epithelium  (fig.  13)  which,  (sec  Chapter  on  Development)  strictly 
speaking,  forms  part  of  the  Retina.  External  to  thia  is  a  very 
rich  network  of  capillaries  (cborio-capillaria),  outside  which  again 
are  connective-tissue  layera  of  stellate  pigmented  cells  (fig.  23) 
with  numcrouB  arteries  and  veins. 

The  principal  use  of  tho  choroid  is  to  alisorb,  by  means  of  its 
pigment,  those  raya  of  light  which  pass  through  the  tranaparont 
retina,  and  thus  to  prevent  their  being  thrown  again  upon  tho 
retina,  so  as  to  interfere  with  the  diatinctncaa  of  the  images  there 


•  Fig.  320.  SurfeM-TiKw  of  part  of  Inmella  of  kitten's  cornea,  preparnl 
fint  with  c&hbUc  potuh  and  then  with  nitrate  of  ailTer.  (B;  thia  method 
tha  btuichBd  cotnea-corpuiicle*  with  their  gmnnlur  protaplssm  and  lai^  oral 
nnela  ue  brought  out.)     x  450.     (Klein  and  Noble  Snuth.^ 


6/2 


SENSE   OF   SIGHT. 


[chap.  XXL 


formed.    Hence  animals  in  which  the  choroid  is  destitute  of  pig- 
ment, and  human  Albinoes,  are  dazzled  by  daylight  and*  see  best 


Fig,  321* 


B 
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in  the  twilight.     The  choroid  coat  ends  in  front  in  what  are  called 
the  cilia}'*/  processes  (fig.  322). 

The  Betina. — The  retina  (fig.  323)  is  a  delicate  membrane, 
concave,  with  the  concavity  directed  forwards  and  ending  in  front, 
near  the  outer  part  of  the  ciliary  processes  in  a  finely  notched 
edge, — the  ora  serrata.  Semi-transparent  when  fresh,  it  soon 
becomes  clouded  and  opaque,  with  a  pinkish  tint  from  the  blood  in 
its  minute  vessels.     It  results  from  the  sudden  spreading  out  or 


*'  Fig.  321.  Diagram  of  the  retina  (Max  Scholtze).  A.  ConnectiTe  tiASoe 
portion.  B.  Nervous  portion.  Hit  two  mutt  be  combined  to  form  the  eompUU 
retina,  da.  Mcmbrana  limitans  externa,  b.  Rods.  c.  Cones.  h\  Rod-gFtnnle. 
<!.  Cone-granule ;  both  belonging  to  the  external  granule  layer,  e.  MftOer's 
sustentacular  fibres,  with  their  nuclei  e\  d,  Intergranular  layer.  /.  Internal 
granule  layer,  g.  Molecular  layer,  connective-tissuo  portion.  ^.  IfolecaUr 
layer,  nerve-fibril  portion,  h.  Ganglion  cells,  h'.  Their  axis-cylinder  proceMi 
t.  Nerve-fibre  \ayw. 
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«ipausion  of  the  optic  nerve,  of  whose  tenninal  S\am,  apparently 
deprived  of  their  external  white  substance,  together  with  nenre, 
cells,  it  is  essentially  composed. 

Exactly  in  the  centre  of  the  retina,  and  at  a  point  thus  corre- 


Fig.  312.* 
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fipondiog  to  the  axis  of  the  eye  in  which  the  sense  of  vision  is 
most  perfect,  is  a  round  yellowish  elevated  spot,  about  J^  of  an 
inch  in  diameter,  having  a  minute  aperture  at  ite  summit,  and 
colled  after  its  discoverer  the  yfllow  spot  of  Sremmering.  In  \ta 
centre  is  a  minute  depression  called /ovra  centralu.  About  -^  of 
an  inch  to  the  inner  side  of  the  yellow  spot,  and  consequently  of 
the  axis  of  the  eye,  is  the  point  at  which  the  optic  nerve  spreads 
out  its  fibres  to  form  the  retina.  This  is  the  only  point  of  the 
surface  of  the  retina  from  which  the  power  of  vision  is  absent 


*  Fig.  32Z.  Ciliary  processes  as  seen  from  behind.  {. — 8,  posterior 
mutate  of  the  iris,  with  the  sphincter  muscle  of  the  pupil ;  2,  anterior  [>srt  of 
the  choroid  coat ;  3,  one  of  tiie  ciliary  processes,  of  which  about  serenty  arc 
TPpreaented. 

*  ~  .—  .  ^^^  j^ijj.  ^j.  jjj^  retina  of  the  left  eye  yieweJ  from 
I  cat  edge  of  the  sclerotic  coat ;  eh,  the  choroid ; 
DT  at  the  middle,  the  macula  lutea  with  the  depreS' 
is  represented  by  a  Hlight  oval  shade  ;  towards  the 

Ml  nde  the  light  spot  indicates  the  colliculos  or  emiDeuce  at  the  entrance  of 
tlie  optic  nerve,  from  the  centre  of  which  the  arteria  centralis  is  teen  spread- 
ing its  branches  into  the  retina,  leaving  the  part  occnpied  by  the  mncula 
compuativelf  free. 


t  V^g.  323.  The  p 
before  (after  Eenle) ;  i 
r,  the  retina  ;  in  the  ii 
■ion  of  the  fovea  centralis  is 
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StniOtuW.— The  retina  conBietB  of  oertwn  uerroua  elementB 
arranged  in  seveml  layers,  and  supported  by  a  very  delicate 
connective  tissue. 

^i?.  3*4-* 


I'Vom  the  nature  of  the  cn8c  there  is  atiU  considerable  nncertaint;  aato 
the  character  (nerroui  or  connective  tissnet  of  fome  of  the  layers  (rf  the 
retina.  The  followinR  ten  layers  from  within  outwards  are  usually  to  b* 
distinffniBhed  in  a  vertical  section  (fii^  321   jn) 

1.  Memhrana  limitaiu  infcrna  :  a  delicate  membrane  in  contact  withlbe 
vitroouB  hnmour, 

I.  Fibre'  "f  njitw  nirre.  This  layer  ia  of  very  varying  thicknoRS  in  dif- 
ferent parts  of  the  retina  :  it  consists  chiefly  of  non-mednllated  fibres  whidi 

'  Fig.  324.  A,  Section  of  the  retina,  choroid,  and  part  of  the  wlBTotic, 
moderately  magnified,  (o.)  Membrana  I  imitana  interna,  (i.)  Nerve-filn  lajfT 
traversed  by  KIQller's  sustentacular  fibres  (of  the  connective  tiBsue  syiten). 
(e.)  Ganglion-cell  layer.  (((.)  Molecular  layer,  (e.)  Internal  grtjonlar  layw. 
(/.)  Intergmnular  layer,  (g.)  Eicteniai  granular  layer.  (A.)  Hmibrana  lini- 
tans  eiteniB,  ninniag  along  the  lovrer  part  of  (1)  the  layer  of  rods  and  ctmei. 
ii.)  Pigtnentcell  layer  formerly  described  as  part  of  the  choroid.  (I,m.)lnt*n>l 
and  e^itemal  vascnlar  portions  of  the  choroid,  the  first  containing  capillariM, 
the  second  larger  blood-vessel  a,  cut  in  transverao  section,  (b,)  ScI*»Ii(v 
(W.  Pj.). 
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interlace,  and  gome  of  which  are  continnonB  with  processes  of  the  large 
nenre-cells  forming  the  next  layer. 

3.  Laytr  of  ganglianio  corptucleSf  consisting  of  large  multipolar  nenre- 
cells,  sometimes  forming  a  single  layer.  In  some  parts  of  the  retina,  espe- 
cially near  the  macula  Intea,  this  layer  is  very  thick,  consisting  of  several 
distinct  strata  of  nerve-cells.  These  cells  lie  in  the  spaces  of  a  connective- 
tissue  framework. 

4w  Molecular  layer.  This  presents  a  finely  granulated  appearance.  It 
consists  of  a  punctiform  connective  tissue  traversed  by  numberless  very  fine 
fibrillar  processes  of  the  nerve-cella 

5.  Internal  granular  layer.  This  consists  chiefly  of  numerous  small  round 
cells  with  a  very  small  quantity  of  protoplasm  surrounding  a  large  nucleus  ; 
they  are  generaily  bipolar,  giving  off  one  process  outwards  and  another  in- 
wards. They  greatly  resemble  the  ganglionic  corpuscles  of  the  cerebellum 
(fig.  25$).  Besides  these  there  are  large  oval  nuclei  (c*,  fig.  321,  A)  belong- 
ing to  the  sustentacular  connective  tissue  fibres. 

6.  Jntergranular  layer ;  which  closely  resembles  the  molecular  layer  but 
is  much  thinner.  It  consists  of  finely-dotted  connective  tissue  with  nerve 
fibrils. 

7.  External  granular  layer  ;  which  consists  of  several  strata  of  small  cells 
resembling  those  of  the  internal  granular  layer ;  they  have  been  classed  as 
rod  and  cone  granules,  according  as  they  are  connected  by  very  delicate 
fibrils  with  the  rods  and  cones  respectively.  They  are  lodged  in  the  meshes 
of  a  connective  tissue  framework.  Both  the  internal  and  external  granular 
layer  stain  very  rapidly  and  deeply  with  hematoxylin,  while  the  rod  and 
cone  layer  remains  quite  unstained. 

8.  Memhrana  limitan*  externa;  a  delicate,  well-defined  membrane,  clearly 
marking  the  internal  limit  of  the  rod  and  cone-layer. 

9.  Rod  and  cone  layer ^  bacillar  layer ^  or  membrane  0/ Jacob,  consisting  of 
two  kinds  of  elements  :  the  "  rods,"  which  are  cylindrical  and  of  uniform 
diameter  throughout,  and  the  "  cones,"  whose  internal  portion  is  distinctly 
conical,  and  surmounted  externally  by  a  thin  rod-like  body.  According  to 
the  researches  of  Max  Schultze,  the  rods  show  traces  of  longitudinal  fibrilla- 
tion, and,  moreover,  have  a  great  tendency  to  break  up  into  a  number  of 
transverse  discs  like  a  pile  of  coins. 

In  the  rod  and  cone  layer  of  birds,  the  cones  usually  predominate  largely 
in  number,  whereas  in  man  the  rods  are  by  far  the  more  numerous.  In 
noctnmal  birds,  however,  such  as  the  owl,  only  rods  are  present,  and  the 
same  appears  to  be  the  case  in  many  nocturnal  and  burrowing  mammalin, 
e^,f  bat,  hedge-hog,  mouse,  and  mole. 

10.  Pigment  cell  layer y  which  was  formerly  considered  part  of  the  choroid. 

In  the  centre  of  the  yellow  spot  (macula  lutea),  all  the  layers 
of  the  retina  beco&ie  greatly  thinned  out  and  almost  disappear, 
except  the  rod  and  cone  layer,  which  considerably  increases  in 
thickness,  and  comes  to  consist  almost  entirely  of  long  slender 
cones,  the  rods  being  very  few  in  number,  or  entirely  absent. 
There  are  capillaries  here,  but  none  of  the  larger  branches  of  the 
retinal  arteries. 
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to  the  CDimect[ac  of  the  Tarioas  lajeis  there  is  Etill  same 
F^g.  311  represoHta  tho  »iew  ol  Mai  Scbnitie.     According  to 

certain  snsteuUicular  fibre*  of  conQective  tissue  (radiating 
r)  which  spring  from  the  nifmbmna  limitaiu  intrma  almost 
!  traTeree  the  retina  to  tho  limitaji*  cxtrma,   whence  Tcry 

;  retina  are  represeoWd  in  Eg.  311,  B,  and  consist  of  delicate 
ip  from  the  nerve-fibre  layer  to  the  rods  and  conea,  and  con- 
he  ganglionic  corpuscles  and  jimniUes  of  the  internal  and 

SBols  of  Eye. — The  eye  is  very  richly  supplied  with 
In  iiddilion  to  the  conjunctival  Tcaaeh  which  are 
tlic  pulpobnil  and  luchrymal  arteries,  there  are  at 
cr  distinct  aeta  of  veaaela  supplying  the  tuuiia  of  the 
)  The  vessels  of  the  sclerotic,  choroid,  and  iris,  and 
sels  of  the  retina. 

re  the  short  and  long  posterior  ciliary  arteries  which  pierce 
1  tlie  poalerior  half  of  the  eyelmll,  and  the  anterior  ciliary 

ich  choroidal  plexas  ;  they  aleo  supply  the  iris  and  ciliary 
line  a  very  highly  Tascnlar  circle  round  the  uuter  murgin  of 
joining  portion  of  the  sclerotic. 

CHAP.  XXI.]  OPTICAL   APPARATUS.  6^^ 

Conditions  necessary. — The  essential  constituents  of  the 
optical  apparatus  of  the  eye  may  be  thus  enumerated  : — (i)  a 
'nervcnu  structure  (retina)  to  receive  and  transmit,  by  way  of  the 
optic  nerve,  to  the  brain  the  impressions  of  light;  (2)  certain 
refracting  media  for  the  purpose  of  so  disposing  of  the  rays  of  light 
traversing  them  as  to  throw  a  correct  image  of  an  external  body 
on  the  retina ;  (3)  a  contractile  diaphragm  (iris)  with  a  central 
aperture  for  regulating  the  quantity  of  light  admitted  into  the 
eye  ;  and  (4)  a  contractile  structure  {ciliary  muscle)  by  which  the 
chief  refracting  medium  shall  be  so  controlled  as  to  enable  objects 
to  be  seen  at  various  distances ;  (accommodation), 

Befiracting  Media,  &c. — By  means  of  the  retina  and  the 
other  parts  just  described,  a  provision  is  afforded  for  enabling  the 
terminal  fibres  of  the  optic  nerve  to  receive  the  impre^ion  of  rays 
of  light,  and  to  communicate  them  to  the  brain,  in  which  they 
excite  the  sensation  of  vision.  But  that  light  should  produce 
in  the  retina  images  of  the  objects  from  which  it  comes,  it  is 
necessaiy  that,  when  emitted  or  reflected  from  determinate  parts 
of  the  external  objects,  it  should  stimulate  only  corresponding 
parts  of  the  retina.  For  as  light  radiates  from  a  luminous  body 
in  all  directions,  when  the  media  offer  no  impediment  to  its  trans- 
mission, a  luminous  point  will  necessarily  illuminate  all  parts  of  a 
surface,  such  as  the  retina  opposed  to  it,  and  not  merely  one 
single  point.  A  retina,  therefore,  without  any  optical  apparatus 
placed  in  front  of  it  to  separate  the  light  of  different  objects, 
would  see  nothing  distinctly,  but  would  merely  perceive  the 
general  impression  of  daylight,  and  distinguish  it  from  the  night. 
Accordingly,  we  find  that  in  man,  and  all  vertebrate  animals^ 
certain  transparent  refracting  media  are  placed  in  front  of  the 
retina  for  the  purpose  of  collecting  together  into  one  point,  the 
different  divergent  rays  emitted  by  each  point  of  the  external 
body,  and  of  giving  them  such  directions  that  they  shall  fall  on 
corresponding  points  of  the  retina,  and  thus  produce  an  exact 
image  of  the  object  from  which  they  proceed.  These  refracting 
media  are,  in  the  order  of  succession  from  without  inwards,  the 
cornea,  the  aqueous  humour,  the  crystalline  lens,  and  the  vitreous 
humour  (fig.  316). 

The  cornea^  the  structure  of  which  has  been  already  referred 
to  (p.  669),  is  in  a  twofold  manner  capable  of  refracting  ^sA 
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vei^i'iice    of  tlie  nija  of   light   that    fall  upon  and 
It  thu8  affecla  them  firat,  by  iU  density  ;  for  it  is  a 
i  that  wheii  rays  of  iiglit  pass  fi-om  u  rarer  into  a 
ini,  if  they  impiiigo  upon  the  xurfuce  in  a  direction 
a  the  perpcudioutar,  they  are  bent  out  of  their  former 
viu-ds  tliat    of  a  line  jicrpcndiciUur  to  the    surface 
T  medium  ;  and,  secondly,  by  its  uon^-eiity ;    einoe 
t  impinging  upon  a  uouvei  traiiHpareut  surface,  ore 
■arda  the  ecntre,  those  being  most  refracted  which  are 

■  the  centre  of  the  convex  surface. 

e  coniea  is  a  space  containing  a  thiu  watery  fluid, 
the  aqiteotu  humour,  holding  in  solution 

^''•'  a  small  quantity  of  chloride  of  sodium 
~~~-^^  and  extractive  matter.  The  space  oon- 
\           '-          taining  the  aqueous  humtrnr  is  divided 

■  \                     into  un  anterior  and  posterior  c/iamler 
\   "  ■                 by  a  membrftnoua  partition,  tht  irit,  to 

be   presently  again   mentioned.      The 

effect  produced  by  the  iiqiteoiia  humour 

^',        ,            on  the  rays  of  light  traversing  it,   is 

— -"^^             not  yet   fully   ascertiiincd.      Its    chief 
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in  power  of  refraction,  from  without  inwards ;  the  central  part 
usually  termed  the  nucleius,  being  the  most  dense. 

The  vitreouB  humour  constitutes  nearly  four-fifths  of  the  whole 
globe  of  the  eye.  It  fills  up  the  space  between  the  retina  and  the 
lens,  and  its  soft  jelly-like  substance  consists  essentially  of  nume- 
rous layers,  formed  of  delicate,  simple  membrane,  the  spaces  be- 
tween which  are  filled  with  a  watery,  pellucid  fluid.  Its  principal 
use  appears  to  be  that  of  giving  the  proper  distension  to  the  globe  of 
the  eye,  and  of  keeping  the  surface  of  the  retina  at  a  proper 
distance  from  the  lens. 

Action  of  the  Iris. — As  already  observed,  the  space  occupied 
by  the  aqueous  humour  is  divided  into  two  portions  by  a  vertically- 
placed  membranous  diaphragm,  termed  the  tm,  provided  with  a 
central  aperture,  the  pupil^  for  the  transmission  of  light.  The  iris 
is  composed  of  plain  muscular  fibres  imbedded  in  ordinaiy  fibro- 
eellular  or  connective  tissue.  The  muscular  fibres  of  the  iris  have 
a  direction,  for  the  most  part,  radiating  from  the  circumference 
towards  the  pupil ;  but  as  they  approach  the  pupillary  margin, 
they  assume  a  circular  direction,  and  at  the  very  edge  form  a 
complete  ring.  By  the  contraction  of  the  radiating  fibres,  the  size 
of  the  pupil  is  enlarged  :  by  the  contraction  of  the  circular  ones, 
which  resemble  a  kind  of  sphincter,  it  is  diminished.  The  object 
effected  by  the  movements  of  the  iris,  is  the  regulation  of  the 
quantity  of  light  transmitted  to  the  retina  ;  the  quantity  of  which 
is,  coeteris  paribus,  directly  proportioned  to  the  size  of  the  pupillary 
aperture.  The  posterior  surface  of  the  iris  is  coated  with  a  layer 
ot  dark  pigment,  so  that  no  rays  of  light  can  pass  to  the  retina, 
except  such  as  are  admitted  through  the  aperture  of  the  pupiL 

This  iris  is  very  richly  supplied  with  nerves  and  blood-vessels. 
Its  circular  muscular  fibres  appear  to  be  supplied  by  the  third, 
and  its  radiating  fibres,  by  the  fifth  cranial  nerve  and  sympa- 
thetic. 

The  close  sympathy  subsisting  between  the  two  eyes  is  nowhere  better 
fihown  than  by  the  iris.  If  one  eye  be  shaded  by  the  hand  its  pupil  will 
of  course  dilate ;  but  the  pupil  of  the  otJurr  eye  will  also  dilate,  though  it  is 
unshaded. 

Ciliary  Muscle. — The  ciliary  muscle  is  composed  of  plain  mus- 
cular fibres,  which  form  a  narrow  zone  around  the  interior  of  the  e^^ 
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ball,  near  the  line  of  junction  of  the  cornea  with  the  sclerotic,  and 
just  behind  the  outer  border  of  the  iris  (fig.  316).  The  outermost 
fibres  of  this  muscle  are  attached  in  front  to  the  inner  part  of  the 
sclerotic  and  cornea  at  their  line  of  junction,  and,  divei^ging  some- 
what, arc  fixed  to  the  ciliary  processes,  and  a  small  portion  of  the 
choroid  immediately  behind  them.  The  inner  fibres,  immediately 
within  the  preceding,  form  a  circular  zone  around  the  interior  of 
the  eye-ball,  outside  the  ciliary  processes.  They  compose  the  ring 
formerly  called  the  ciliary  ligament 

Accommodation  of  the  Eye. — The  distinctness  of  the  image 
formed  upon  the  retina,  is  mainly  dependent  on  the  rays  emitted 
by  each  luminous  point  of  the  object  being  brought  to  a  perfect 
focus  upon  the  retina.  If  this  focus  occur  at  a  point  either  in 
front  of,  or  behind  the  retina,  indistinctness  of  vision  ensues,  with 
the  production  of  a  halo.  The  focal  distance,  i,e.,  the  distance  of 
the  point  at  which  the  luminous  rays  from  a  lens  are  collected, 
besides  being  regulated  by  the  degree  of  convexity  and  density  of 
the  lens,  varies  with  the  distance  of  the  object  frx>m  the  lens, 
being  greater  as  this  is  shorter,  and  vice  versd.  Hence,  since 
objects  placed  at  various  distances  from  the  eye  can,  within  a 
certain  range,  different  in  different  persons,  be  seen  with  almost 
equal  distinctness,  there  must  be  some  provision  by  which  the 
eye  is  enabled  to  adapt  itself,  so  that  whatever  length  the  focal 
distance  may  be,  the  focal  point  may  always  fall  exactly  upon  the 
retina. 

This  power  of  adaptation  of  the  eye  to  vuhm  at  different  dUtaneti  has 
received  the  most  varied  explftnations.  It  is  obvious  that  the  effect  migbt 
be  produced  in  either  of  two  ways,  viz.,  by  altering  the  convexity  or 
intensity,  and  thus  the  refracting  power,  either  of  the  cornea  or  lens  ;  or,  by 
changing  the  position  either  of  the  retina  or  of  the  lens,  so  that  whether  the 
object  viewed  be  near  or  divStant,  and  the  focal  distance  thus  increased  or 
diminished,  the  focal  point  to  which  the  rays  are  converged  by  the  lena  may 
always  be  at  the  place  occupied  by  the  retina.  The  amount  of  either  of 
these  changes  required  in  even  the  widest  range  of  vision,  is  extremely 
small.  For,  from  the  refractive  powers  of  the  media  of  the  eye,  it  has  been 
calculated  by  Olbers,  that  the  difference  between  the  focal  distances  of  the 
images  of  an  object  at  such  a  distance  that  the  rays  are  parallel,  and  ef  one 
at  the  distance  of  four  inches,  is  oiily  about  0*143  ^^  °^  inch.  On  this  cal- 
culation, the  change  in  the  distance  of  the  retina  from  the  lens  required  for 
vision  at  all  distances,  supposing  the  ^omea  and  lens  to  maintain  the  same 
form,  would  not  be  more  than  about  one  line. 

It    is  now   almost   imivcrsally   believed    that    Helmholtz  if 
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right  in  hia  statemeat  that  the  immediate  cauao  of  the  adapta- 
tion of  tbo  eye  for  objects  at  different  distaocea  is  a  varying  shape 
of  the  lens,  its  front  surface  becoming  more  or  less  couvei,  accord- 
ing to  the  distance  of  the  object  looked  at.  The  nearer  the  object, 
the  more  convex  does  the  front  surface  of  the  lens  become,  and 
vice  vend;  the  back  surface  takmg  httle  or  no  share  in  the  prodno- 
tioQ  of  the  effect  required. 

Froofb. — The  following  simple  experiment  illustrates  this  point. 
If  a  small  flame  be  held  a  little  to  one 
side  of   a  person's    eye,   an    observer  ^'''-  3^^-' 

looking  at  the  eye  from  the  other  aide   I 
sees  three  distinct  images  of  the  flame 
(fig,  326).     The  first  and  brightest  i! 
small  erect  image  (i)  forma]  by  the   j 
anterior  convex   surface  of  the  comi 
the  aecraid  (>)  is  also  erect,  but  larger  j 
and  less  distinct  than  the  preceding,  is  | 
formed  at  the  anterior  convex  surface 

ttf  the  lens :  the  third  (3)  is  smaller  and  reveraed,  it  is  formed  at 
the  posterior  surface  of  the  lens,  which  is  concave  forwards  and 
therefore,  like  all  concave  mirrors,  gives  a  reversed  image. 

If  now  the  eye  under  observation  be  adjusted  to  a  near  object, 
the  second  image  becomes  smaller,  clearer,  and  approaches  the 
fint :  if  the  eye  be  adjusted  for  a  far  point,  the  second  imago 
enlarges  i^^n,  becomes  less  distinct,  imd  recedes  from  the  first. 
In  both  cases  alike  the  first  and  third  images  remain  unaltered  in 
size'  and  relative  position. 

This  proves  that  during  accommodation  for  near  objects  the 
curvature  of  the  cornea,  and  of  the  jmaterior  of  the  lens,  remains 
onaltered,  while  the  anterior  surface  of  the  lens  l>ecomes  moro 
convex  and  approaches  the  cornea.  , 

Heobaniflu  of  aooommodstion- — Of  course  the  lens  has  no 
inherent  power  of  contraction,  and  therefore  its  changes  of  outline 
must  l>e  produced  by  some  power  from  without ;  and  there  seems 
no  reason  to  doubt  that  this  power  is  supplied  by  the  ciliary 

*  Fig.  326.  Diagram  shoeing  three  reflections  of  a  candle,  i,  From  tbo 
anterior  anrface  of  comett ;  2,  tiom  the  anterior  Burfaco  of  lens  ;  3,  Ciwm  the 
posterior  surface  of  lena.  For  further  etl>lBoatJon,  aee  texL  The  expotimi;nt 
is  bolt  performed  by  employing  bd  instrument  invented  bj  Helmholtz, 
tMned  a  Fhakoicope, 
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moflcle.  This  muscle  ames  from  the  imier  part  of  tlie  Bclcrotie, 
just  outside  the  margin  of  the  oomea,  tram  which  it  pulls  as  its 
fixe<l  jioint.  Itu  fibres  are  chiefly  radiating  and  pass  back  to  be 
inserted  into  the  ciliary  processes ;  there  are  also  a  few  circolsr 
fibres.  It  is  Bonietimes  termed  the  lauor  ehoroidea.  As  this 
name  implies,  it  draws  forwards  the  choroid  and  therefore  slackens 
the  tension  of  the  uuspcusory  ligament  of  the  lens  which  arises 
from  it.  The  lens  is  usually  partly  flattened  by  the  action  of  the 
suspensory  ligament,  and  the  oiliary  mosde  by  diminiahiiig  the 
tension  of  this  ligament  diminishes,  to  a  proportional  degree  the 
flatt«ning  of  which  it  is  the  cause.  On  diminutjon  or  comation  of 
the  action  of  the  ciliary  muscle,  the  lens  returns,  in  a  oorrapood- 

Pig.  327.* 


iug  degree,  to  its  fomiur  sliapc,  by  virtue  of  the  elastidl^  of  its 
suspcuaory  ligament  {fig.  327).  From  this  it  will  appear  that  the 
eye  is  usuiUIy  fociisscd  for  distant  objects. 

In  viewing  uoar  objects  the  pupil  contracts,  tho  opposite  eflect 
taking  place  on  withdrawal  of  the  attention  from  near  objects,  and 
^sing  it  on  those  diatimt 

Bange  of  Distinct  vision.  Kear-point. — In  every  eye  thov 
is  a  limit  to  the  power  of  acconuuodatioo.  If  a  book  be  bronght 
neoicr  and  nearer  to  the  eye,  the  typo  at  last  becomes  indistinct 
nnd  eiinnot  be  brought  into  focus  by  any  effort  of  accommodattoa, 
however  strong.  This,  which  is  termed  the  tiear-point,  can  be 
determined  by  tlie  following  experiment  (Selieiner),     Two  smsD 

*  i'iH,  3x7.  Dingram  rqireHcatiDgbydottedliDeH  thc«lt«ratiiinintlieili«F 
of  thu  Icus,  on  occommodLUoit  for  new  objacts.    <E.  Laodolt.) 
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holes  are  pricked  in  a  card  with  a  phi ;  these  should  not  be  more 
than  a  hne  apart,  at  any  rato  their  distance  from  each  other  must 
not  exceed  the  diameter  of  the  pupil.  The  card  is  held  close  in 
iront  of  the  eye,  and  a  small  needle  viewed  through  the  pin-holes. 
At  a  moderate  distance  it  con  be  clearly  focussed,  but  when 
brought  nearer,  beyond  a  certain  point,  the  image  appears  double 
or  at  any  rato  blurred.  This  point  where  the  needle  ceases  to 
appear  single  is  the  near-point.  Its  distance  from  the  eye  can  of 
course  be  readily  measured.  It  is  usually  about  5  or  6  inobes. 
In  the  accompanying  figure  (fig.  328)  the  lens  b  represents  the 
eye  ;  tf,  the  two  pinholes  in  the  card,  nn  the  retina ;  a  represents 
the  position  of  the  needle. 

When  the  needle  is  at  a  moderate  distance,  the  two  pencils  of 

Fig.  318.* 


light  coming  &om  e  and  /,  are  focussed  at  a  single  point  on  the 
retina  nn.  If  the  needle  be  brought  nearer  than  the  near-point, 
the  strongest  effort  of  accommodation  is  not  sufficient  to  focus  the 
two  pencils,  they  meet  at  a  point  behind  the  retina.  The  effect  is 
the  same  as  if  the  retina  were  shifted  forward  to  mm.  Two  images 
h.ff.  are  formed,  one  from  each  hole.  It  is  interesting  to  note  that 
when  two  images  are  produced,  the  lower  one  g  really  appears  in 
the  position  Q,  while  the  upper  one  appears  in  the  position  p. 
This  may  be  readily  verified  by  covering  the  holes  in  succession. 

The  contents  of  the  ball  of  the  eye  are  surrounded  and  kept  in 
position  by  the  cornea,  and  the  dense,  fibrous  membrane  before 
referred  to  as  the  scUrotic,  which,  besides  tliuu  encasing  the 
contents  of  the  eye,  serves  to  give  attachment  to  the  various 
musctcB  by  which  the  movements  of  the  cje-l)al]  are  effected. 
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These  muscles,  and  the  nerVes  supplying  them,  have  been  already 
considered  (p.  550,  et  aeq.). 

Course  of  a  ray  of  Light.— With  the  help  of  the  diagram  (fig.  329) 
reprcHcnting  a  vertical  section  of  the  eye  from  before  backwatds,  the  mode 
in  which,  by  means  of  the  refracting  media  of  the  eye,  an  image  of  an  object 
of  sight  is  thrown  on  the  retina,  may  l)e  rendered  intelligible.  The  rays  of 
the  cones  of  light  emitted  by  the  points  A  B,  and  every  other  point  of  an 
object  placed  before  the  eye,  are  first  refracted,  that  ia,  are  bent  towards  the 
axis  of  the  cone,  by  the  cornea  o  c,  and  the  aqncoas  humour  contained 
between  it  and  the  lens.  The  rays  of  each  cone  are  again  refracted  and  bent 
still  more  towards  its  central  ray  or  axis  by  the  anterior  sorfiaoe  of  the  lens 
E  E  ;  and  again  as  they  pass  out  throngh  its  posterior  sorface  into  the  less 
dense  medium  of  the  vitreous  humour.  For  a  lens  has  the  power  of  refroct- 
iug  and  causing  the  convergence  of  the  rays  of  a  cone  of  light,  not  only  on 
their  entrance  from  a  rarer  medium  into  its  anterior  convex  sui^ioe,  but  aL»o 
at  their  exit  from  its  posterior  convex  surface  into  the  rarer  medinnu 

Fl^'  329- 


In  this  manner  the  rays  of  the  cones  of  light  issuing  from  the  point?  A 
and  B  arc  again  collected  to  points  at  a  and  b;  and,  if  the  retina  F  be 
situateil  at  a  and  b,  perfect,  though  reversed,  images  of  the  points  A  and  b 
will  be  formed  upon  it :  but  if  the  retina  be  not  at  a  and  ft,  but  either  before 
or  behind  that  situation, — for  instance,  at  H  or  o, — circular  luminous  spot? 
c  and/,  or  e  and  0,  instead  of  points,  will  be  seen ;  for  at  H  the  rays  bave 
not  yet  met,  and  at  o  they  have  already  intersected  each  other,  and  are  again 
diverging. 

Tlie  retina  must  therefore  be  situated  at  the  proper  focal  distance  from 
the  lens,  otherwise  a  defined  image  will  not  be  formed  ;  or,  in  other  wards, 
the  rays  emitted  by  a  given  point  of  the  object  will  not  be  collected  into  a 
corresponding  point  of  focus  upon  the  retina. 

Defects  in  the  Apparatus. 

A,  Defects  in  the  Befracting  media. — Under  this  head  wo 
may  consider  t\\e  defects  known  as  (i)  Myopia,  (2)  Hypermetropiaj 
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<3)  Astigmatism,  (4)  Spherical  Aberration,  (5)  Chromatic  Aberra- 
tion. 

The  normal  (emmetropic)  eyo  is  bo  adjuat«d  that  parallel  raya 
are  brought  exactly  to  a  focus  on  the  retina  without  any  effort  of 

F'3-  330-" 


*  ^V-  33°-  DiigmuB  sbowing — 1,  nonual  {emmetropic}  eye,  bringing 
paLTsllei  rajB  exactly  to  a  focua  on  the  retina ;  2,  nonnal  e; e  adapted  to  a  near 
point ;  without  sccaioniodBtion  the  rays  wanld  be  focuased  behind  the  retina. 
hat  by  increasiDg  the  curratnre  of  the  anterior  Burface  of  the  lens  (shown  by 
a  dotted  line)  the  rays  am  toeusaed  on  the  retina  (as  indicated  by  the  meeting 
of  the  two  dotted  lines) ;  3,  hyperairtropic  eye,  in  tliis  case  the  aiia  of  the  eve 
is  shorter,  and  the  lena  Salter,  than  nonnal ;  parallel  rays  are  focussed  behind 
the  retina  ;  4,  myopii:  eye ;  in  this  cose  the  axis  of  the  eye  ia  aboonnally  long, 
and  the  leiu  too  conrex  ;  parallel  ntya  are  foeassed  in  front  of  the  retina. 


686  SENSE   OP    SIGHT.  [chap.  xxi. 

accommodation  (i,  fig.  330).  HcDce  all  objects  exc^t  near  ones 
(practically  all  objects  more  than  twenty  feet  off)  are  seen  with- 
out any  effort  of  accommodation  ;  in  other  words  the  far-point  of 
the  normal  eye  is  at  an  infinite  distance.  In  viewing  near  objects 
we  are  conscious  of  an  effort  (the  contraction  of  the  ciliaiy 
muscle)  by  which  the  anterior  surface  of  the  lens  is  rendered 
more  convex,  and  rays  which  would  otherwise  be  foooHied  behind 
the  retina  are  converged  upon  the  retina   (see  dotted  lines  2, 

fig.  330). 

1.  Myopia  (short-sight)  (4,  fig.  330). — ^This  defect  is  due  to  an 

abnormal  elongation  of  the  eyebalL  The  eye  is  usually  laiger 
than  normal  and  is  always  longer  than  normal ;  the  lens  is  also 
probably  too  convex.  The  retina  is  too  far  fix>m  the  lens  and 
consequently  parallel  rays  are  focussed  in  front  of  the  retina  and 
crossing,  form  little  circles  on  the  retina;  thus  the  images  of 
distant  objects  are  blurred  and  indistinct.  The  eye  iSy  as  it  were, 
permanently  adjusted  for  a  near-point.  Rays  from  a  point  near 
the  eye  are  exactly  focussed  in  the  retina.  But  those  which  issue 
from  any  object  beyond  a  certain  distance  (far-point)  cannot  be 
distinctly  focussed.  This  defect  is  corrected  by  concave  glasses 
which  caiise  the  rays  entering  the  eye  to  diverge ;  hence  they  do 
not  come  to  a  focus  so  soon.  Such  glasses  of  course  are  only 
needed  to  give  clear  vision  of  distant  objects.  For  near  objects, 
except  in  extreme  cases,  they  are  not  required. 

2.  Hypermetropia  (long-sight)  (3,  fig.  330). — ^This  is  the 
reverse  defect.  The  eye  is  too  short  and  the  lens  too  flat. 
Parallel  rays  are  focussed  behind  the  retina :  an  effort  of  accommo- 
dation is  required  to  focus  even  parallel  rays  on  the  retina ;  and 
when  they  are  divergent,  as  in  viewing  a  near  object,  the  accommo- 
dation is  insufficient  to  focus  them.  Thus  in  well-marked  cases 
distant  objects  require  an  effort  of  accommodation  and  near  ones  a 
very  powerful  effort.  Thus  the  ciliary  muscle  is  constantly  act- 
ing. This  defect  is  obviated  by  the  use  of  convex  glasses,  which 
render  the  pencils  of  light  more  convergent.  Such  glasses  are  of 
course  especially  needed  for  near  objects,  as  in  reading,  etc 
They  rest  the  eye  by  relieving  the  ciliary  muscle  from  excessive 
work. 

3.  Astigmatism. — This  defect,  which  was  first  discovered  by 
Airy,  is  due  to  a  greater  curvature  of  the  eye  in  one  meridian 
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than  in  others.  The  eye  may  be  even  myopic  in  one  plane  and 
hypermetropic  in  others.  Thus  vertical  and  horizontal  lines 
crossing  each  other  cannot  both  ba  focnssed  at  once ;  one  set 
stand  out  clearly  and  the  others  are  blurred  and  indistinct.  This 
defect,  which  is  present  in  a  slight  degree  in  all  eyes,  may  be 
corrected  by  the  use  of  cylindrical  glasses  {ie.  curved  only  in  one 
direction). 

4.  Spherical  Aberration. — The  rays  of  a  cone  of  light  from 
an  object  situated  at  the  side  of  the  field  of  vision  do  not  meet 
all  in  the  same  point,  owing  to  their  unequal  refraction ;  for  the 
refraction  of  the  rays  which  pass  through  the  circumference  of  a 
lens  is  greater  than  that  of  those  traversing  its  central  portion. 
This  defect  is  known  as  splierical  aberration^  and  in  the  camera, 
telescope,  microscope,  and  other  optical  instruments,  it  is  remedied 
by  the  interposition  of  a  screen  with  a  circular  aperture  in  the 
path  of  the  rays  of  light,  cutting  off  all  the  marginal  rays  and 
only  allowing  the  passage  of  those  near  the  centre.  Such  correc- 
tion is  effected  in  the  eye  by  the  iris,  which  forms  an  annular 
diaphragm  to  cover  the  circumference  of  the  lens,  and  to  prevent 
the  rays  from  passing  through  any  part  of  the  lens  but  its  centre 
which  corresponds  to  the  pupil.  The  posterior  surface  of  the  iris 
is  coated  with  pigment,  to  prevent  the  passage  of  rays  of  light 
through  its  substance. 

The  image  of  an  object  will  be  most  defined  and  distinct  when 
the  pupil  is  narrow,  the  object  at  the  proper  distance  for  vision, 
and  the  light  abundant ;  so  that,  while  a  sufficient  number  of  rays 
are  admitted,  the  narrowness  of  the  pupil  may  prevent  the  pro- 
duction of  indistinctness  of  the  image  by  spherical  aberration. 
But  even  the  image  formed  by  the  rays  passing  through  the  cir- 
cumference of  the  lens,  when  the  pupil  is  much  dilated,  as  in  the 
dark,  or  in  a  feeble  light,  may,  under  certain  circumstances,  be 
well  defined. 

Distinctness  of  vision,  is  further  secured  by  the  inner  surface  of 
the  choroid,  immediately  external  to  the  retina  itself,  as  well  as 
the  posterior  surface  of  the  iris  and  the  ciliary  processes,  being 
coated  with  black  pigment,  which  absorbs  any  rays  of  light  that 
may  be  reflected  within  the  eye,  and  prevents  their  being  thrown 
again  upon  the  retina  so  as  to  interfere  with  the  images  there 
formed.     The  pigment  of  the  choroid  is  especially  important  in 
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;  for  the  retina  is  very  trnnaparcut,  and  if  the  surface 
:re  not  of  a  durk  colour,  but  capable  of  refleotiiig  the 
iminoiia  mya  wliich  had  lUready  acted  on  the  retiiid 
Dflectfd  again  through  it,  and  would  fall   upon  other 
ic    Biime   monibniiic,   producing    both   daszling    from 
ht,  and  indistinotnesa  of  the  images. 
aatio  Aberration.— In  the  passage  of  light  through 
coiives  fena,  dccompoaitiou  of  each   ray  into  its  ele- 
siircd  parts  commonly  ensues,  and  a  coloured  margin 
md  the  image,  owing  to  the  unequal  refraction  which 
jiry  coloui-a   undergo.     In  opticiU    instruments  this, 
irmcd  chromatie   abaration,   is    corrected  by  the  use 
[I'ire  lenses,  differing  in  shape  and  density,  the  second 
itinues  or  increases  the  refraction  of  the  rays  produced 

^iual  white  light,  corrects  any  chromatic  aberration 
lave  resulted  from  the  first     It  is  probable  that  the 
active  power  of  the  transparent  media  in  front  of  the 
be  the  Hieana  by  which  the  eye  is  enabled  to  guard 
effect  of  cliromatiu  aberration.     The  human  eye  is 
however,  only  so  long  as  the  image  is  received  at  its 
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at  an  equal  distance,  because  the  red  rays  being  less  refrangible,  a 
stronger  effort  of  accommodation  is  necessary  to  focus  them»  and 
the  eye  is  adjusted  as  if  for  a  nearer  object,  and  therefore  the  red 
surface  appears  nearer. 

From  the  insufficient  adjustment  of  the  inmge  of  a  small  white 
object,  it  appears  surroimded  by  a  sort  of  halo  or  fringe.  This 
phenomenon  is  termed  Irradiation.  It  is  from  this  reason  that  a 
white  square  on  a  black  ground  appears  larger  than  a  black  square 
of  the  same  size  on  white  ground. 

Superiority  of  the  Eye  as  an  Optical  Instrument.— As  an 

optical  instnunent,  the  eye  is  superior  to  the  camera  in  the  following,  amoifg 
many  other  particulars,  which  may  be  enumerated  in  detail,  i.  The  correct- 
ness of  images  even  in  a  large  field  of  view.  2.  The  simplicity  and  efficiency 
of  the  means  by  which  chromatic  aberration  is  avoided.  3.  The  perfect 
efficiency  of  its  adaptation  to  different  distances. 

I.  In  the  photographic  camera,  it  is  well-known  that  only  a  comparatively 
small  object  can  be  accurately  focussed.  In  the  photograph  of  a  large 
object  near  at  hand,  the  upf>er  and  lower  limits  are  always  more  or  less  hazy, 
and  vertical  lines  appear  curved.  This  is.  due  to  the  fact  that  the  image 
produced  by  a  convex  lens  is  really  slightly  curved  and  can  only  be  received 
without  distortion  on  a  slightly  curved  concave  screen,  hence  the  distortion 
on  a  flat  surface  of  ground  glass.  It  is  different  with  the  eye,  since  it 
possesses  a  concave  backgroimd,  upon  which  the  field  of  vision  is  depicted, 
and  with  which  the  curved  form  of  the  image  coincides  exactly.  Thus,  the 
defect  of  the  camera  obscura  is  entirely  avoided  ;  for  the  eye  is  able  to  em- 
brace a  large  field  of  vision,  the  margins  of  which  are  depicted  distinctly 
and  withont  distortion.  If  the  retina  had  a  plane  surface  like  the  ground 
glass  plate  in  a  camera,  it  must  necessarily  be  much  larger  than  is  really  the 
case  if  we  were  to  see  as  much  ;  moreover,  the  central  portion  of  the  field  of 
Tision  alone  would  give  a  good  clear  picture  (Bernstein). 

A  Presbyopia,  which  is  frequently  confounded  with  Hyper- 
metropia,  is  really  quite  distinct.  The  former  is  an  error  of 
accommodation,  the  latter  of  refraction.  Presbyopia  is  simply  the 
gradual  loss  of  the  power  of  accommodation  which  is  part  of  the 
general  decay  of  old  age.  Thus  a  person  who  was  hypermetropic 
in  youth,  but  who  by  vigorous  use  of  his  accommodation  could 
manage  to  sec  near  objects,  may  become  presbyopic  in  old  age, 
t.«.,  he  may  lose  to  a  great  extent  control  over  his  accommoda- 
tion. In  such  a  case  he  would  be  both  hypermetropic  and 
presbyopic  at  once.  In  reading  he  would  be  obliged  to  hold  his 
book  further  and  further  away  to  focus  the  letters,  till  at  last  the 
letters  are  held  too  far  for  distinct  vision.  This  condition  is 
remedied  by  convex  glasses,  which  are  very  commonly  worn  by 
old  people. 
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Visual  SensatioxiB. 

Excitation  of  the  Betina. — ^Light  is  the  normal  agent  in 
the  excitation  of  the  retina. — In  the  retina,  the  only  parts  which 
appear  to  be  capable  of  reacting  to  the  stimulus  are  the  rods  and 
cones.     The  proofs  of  this  statement  may  be  summed  up  thus : — 

(i.)  The  point  of  entrance  of  the  optic  nerve  into  the  retina, 
where  the  rods  and  cones  are  absent,  is  insensitive  to  light  and  is 
called  the  blind  spot. 

Demonstration  of  the.  Blind  Spot. — The  phenomenon  itself 
is  very  readily  shown.  If  wo  direct  one  eye,  the  other  being  closed^ 
upon  a  point  at  such  a  distance  to  the  side  of  any  object,  that  the 
image  of  the  latter  must  fall  upon  the  retina  at  the  point  of  entrance 
of  the  optic  nerve,  this  image  is  lost  either  instantaneously,  orveiy 
soon«     If,  for  example,  we  close  the  left  eye,  and  direct  the  axis 


of  the  right  eye  steadily  towards  the  circular  spot  here  repre- 
sented, while  the  page  is  held  at  a  distance  of  about  six  inches 
from  the  eye,  both  dot  and  cross  arc  visible.  On  gradually  in- 
creasing the  distance  between  the  eye  and  the  object,  by 
removing  the  book  farther  and  farther  from  the  face,  and  still 
keeping  the  right  eye  steadily  on  the  dot,  it  will  be  found  that 
suddenly  the  cross  disappears  from  view,  while  on  removing  the 
book  still  farther,  it  suddenly  comes  in  sight  again.  The  cause 
of  this  phenomenon  is  simply  that  the  portion  of  retina  which  is 
occupied  by  the  entrance  of  the  optic  nerve,  is  quite  blind ;  and 
therefore  that  when  it  alone  occupies  the  field  of  vision,  objects 
cease  to  be  visible. 

(2.)  In  the  fovea  centralis  and  macula  lutca.  which  contdn 
rods  and  cones  but  no  optic  nerve-fibres,  light  produces  the 
greatest  efiect.  In  the  latter,  cones  occur  in  large  numben, 
and  in  the  former  only  cones  are  found,  whereas  in  the  rest  of  the 
retina  which  is  not  so  sensitive  to  light,  there  are  fewer  cones. 
We  may  conclude,  therefore,  that  cones  are  even  more  important 
to  vision  than  rods. 

(3.)  Purkinje's  Figures. — If  a  small  lighted  candle  be  moved 
to  and  fro  at  the  side  of  and  close  to  one  eye  in  a  dark  room  while 
the  eyes  look  steadily  forward  into  the  darkness,  a  remarkable 
branching  figure  (Purkinje's  figures)  is  seen  floating  before  the  eye, 
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consisting  of  dark  lines  on  a  reddish  ground.  As  the  candle 
moveSy  the  figure  moves  in  the  opposite  direction,  and  from  its 
whole  appearance  there  can  be  no  doubt  that  it  is  a  reversed 
picture  of  the  retinal  vessels  projected  before  the  eye.  The  two 
large  branching  arteries  passing  up  and  down  from  the  optic  disc 
are  clearly  visible  together  with  their  minutest  branches.  A  little 
to  one  side  of  the  disc,  in  a  part  free  from  vessels,  is  seen  the 
yellow  spot  in  the  form  of  a  slight  depression. 

This  remarkable  appearance  is  doubtless  due  to  shadows  of  the 
retinal  vessels  cast  by  the  candle.  Since  the  light  of  the  candle 
falls  on  the  retinal  vessels  from  in  front,  the  shadow  is  cast  behind 
the  vessels,  and  hence  those  elements  of  the  retina  which  perceive 
the  shadows  must  also  lie  behind  the  vessels. 

Here  we  have  a  clear  proof  that  the  light-perceiving  elements  of 
the  retina  are  not  the  fibres  of  the  optic  nerve  forming  the  inner- 
most layer  of  the  retina,  but  the  external  layers  of  the  retina, 
probably  the  rods  and  cones. 

Duration  of  Visual  Sensations. — The  duration  of  the  sensa- 
tion produced  by  a  luminous  impression  on  the  retina  is  always 
greater  than  that  of  the  impression  which  produces  it.  However 
brief  the  luminous  impression,  the  effect  on  the  retina  always  lasts 
for  about  one-eighth  of  a  second.  Thus,  supposing  an  object  in 
motion,  say  a  horse,  to  be  revealed  on  a  dark  night  by  a  flash  of 
lightning.  The  object  would  be  seen  apparently  for  an  eighth  of 
a  second,  but  it  would  not  appear  in  motion ;  because,  although 
the  image  remained  on  the  retina  for  this  time,  it  was  really  re- 
vealed for  such  an  extremely  short  period  (a  flash  of  lightning 
being  almost  instantaneous)  that  no  appreciable  movement  on  the 
part  of  the  object  could  have  taken  place  in  the  period  during 
which  it  was  revealed  to  the  retina  of  the  observer.  And  the  same 
fact  is  proved  in  a  reverse  way.  The  spokes  of  a  rapidly  revolving 
wheel  are  not  seen  as  distinct  objects,  because  at  every  point  of 
the  field  of  vision  over  which  the  revolving  spokes  pass,  a  given 
impression  has  not  faded  before  another  comes  to  replace  it.  Thus 
every  part  of  the  interior  of  the  wheel  appears  occupied. 

The  duration  of  the  after-sensation  or  spectrum,  produced  by  an 
object,  is  greater  in  a  direct  ratio  with  the  duration  of  the  im- 
pression which  caused  it.  Hence  the  image  of  a  bright  object, 
as  of  the  panes  of  a  window  through  which  the  light  is  «^\ivc^^^ 

^  T  *I 
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may  be  perceived  in  the  retina  for  a  considerable  period,  if  we 
have  previouslj  kept  our  eyes  fixed  for  some  time  on  it  But  the 
image  in  this  case  is  negative.  If,  however,  after  shutting  the  eyes 
for  some  time,  we  open  them  and  look  at  an  object  for  an  instant, 
and  again  close  them,  the  after-image  is  positive. 

Intensity  of  Visual  Sensations* — It  is  quite  evident  that  the 
more  luminous  a  body  the  more  intense  is  the  sensation  it  pro- 
duces. But  the  intensity  of  the  sensation  is  not  direcUy  propor- 
tional to  the  intensity  of  the  luminosity  of  the  object.  Two 
lighted  candles  produce  more,  but  not  double,  the  effect  of  ona 
It  is  necessary  for  light  to  have  a  certain  intensity  before  it  can 
excite  the  retina^  but  it  is  impossible  to  fix  an  arbitrary  limit 
to  the  power  of  excitability. 

Feohner's  Law. — As  seen  above  in  visual  sensations,  so,  also, 
in  other  sensations  a  stimulus  may  be  too  feeble  to  produce  a 
sensation.  If  it  be  increased  in  amount  sufficiently  it  b^ins  to 
produce  an  effect  which  is  increased  on  the  increase  of  the 
stimulation;  this  increase  in  the  effect  is  not,  as  mentioned 
above,  directly  proportional  to  the  increase  in  the  excitation,  but, 
according  to  Fechner's  law,  **as  the  logarithm  of  the  stimulus," 
which  means,  in  other  words,  that  in  each  sensation,  there  is  a 
constant  ratio  between  the  increase  in  the  stimulus  and  the 
increase  in  the  sensation,  and  that  this  constant  ratio  for  each 
sensation  expresses  the  least  perceptible  increase  in  the  sensation 
or  minimal  increment  of  excitation. 

BefLeotion  of  Light  from  the  Betina. — Part  of  the  light 
which  enters  the  eye  is  absorbed,  and  produces  some  change  iu 
the  retina,  of  which  we  shall  treat  further  on ;  the  rest  is  reflected. 

The  Ophthalmoscope. — Every  one  is  perfectly  familiar  with 
the  fact,  that  it  is  quite  impossible  to  see  the  fwndm  or  back  of 
another  person's  eye  by  simply  looking  into  it  The  interior  of 
the  eye  forms  a  perfectly  black  background  to  the  pupiL  The 
same  remark  applies  to  an  ordinary  photographic  camera,  and 
may  be  illustrated  by  the  difficulty  we  experience  in  seeing  into  a 
room  from  the  street  through  the  window,  unless  the  room  be 
lighted  within.  In  the  case  of  the  eye  this  fact  is  partly  due  to 
the  feebleness  of  the  light  reflected  from  the  retina,  most  of  it 
being  absorbed  by  the  choroid,  as  mentioned  above ;  but  far  more 
to  the  fact  that  every  such  ray  is  reflected  straight  back  to  the 
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source  of  ligh£  (e.g.,  candle),  and  cannot,  therefore,  be  seen  by  the 
unaided  eye  without  intercepting  the  incident  light  from  the 
candle,  as  well  as  the  reflected  rays  from  the  retina. 

This  difficulty  has  been  surmounted  by  the  ingenious  device  of 
Helmholtz,  now  so  extensively  used,  termed  the  ophthalmogeope. 
As  at  present  used,  it  consists  of  a  small  slightly  concave  mirror, 
by  which  light  is  reflected  from  a  candle  into  the  eye.  The  ob- 
server looks  through  a  hole  in  the  mirror,  and  can  thus  explore 
the  illuminated  fundus ;  the  entrance  of  the  optic  nerve  and  the 
retinal  vessels  being  plainly  visible. 

Visual  Puxple. — In  the  preceding  paragraphs  we  have  de- 
scribed the  optical  apparatus,  and  have  explained  how  it  is 
possible  for  a  correct  image  of  any  object  to  be  focussed  on  the 
retina ;  we  have  also  described  the  structure  of  the  retina,  and 
have  stated  its  connection  with  the  cerebnmi  by  means  of  the 
optic  nerve.  It  remains  now  to  treat  of  the  method  in  which  a 
ray  of  light  is  able  to  stimulate  the  endings  of  tlie  optic  nerve  in 
the  retina  in  such  a  manner  that  a  visual  sensation  is  perceived 
by  the  cerebrum.  This  problem  is,  however,  yet  unsolved.  It  is 
supposed  that  the  change  which  is  effected  by  the  agency  of  the  light 
in  the  retina,  which  is  believed  to  be  absorbed  by  the  retinal  pigment, 
is  a  chemical  alteration  in  the  protoplasm  which  stimulates  the  optio 
nerve-endings.  The  discovery  of  a  certain  temporary  reddish-purple 
pigmentation  of  the  outer  limbs  of  the  retinal  rods  in  certain 
animals  (e.g.  frx)gs)  which  have  been  killed  in  the  dark,  forming  the 
so-called  visual  purple,  appeared  to  offer  some  explanation  of  the 
matter,  especially  as  it  was  *also  foimd  that  the  (reddish-purple) 
colour  was  bleached  when  the  animal  was  exposed  to  light,  and  re- 
appeared when  the  light  was  removed,  and  also  that  it  underwent 
distinct  changes  of  colour  when  other  than  white  light  was  used. 
On  frirther  inquiry,  however,  we  find  that  the  visual  purple  cannot 
be  said  to  be  absolutely  essential  to  the  due  production  of  visual 
sensations,  as  it  is  absent  from  the  retinal  cones,  and  from  the 
macula  lutea  and  fovea  centralis  of  the  human  retina,  and,  more- 
over, has  not  been  discovered  at  all  in  the  retina  of  some  animals, 
e.  g.f  bat,  dove,  and  hen,  which  are  possessed  of  good  vision- 

If  the  operation  be  performed  quickly  enough,  the  image  of  an  objecl  may 
be  fixed  in  the  pigment  on  the  retina  by  soaking  the  retina  of  an  animal, 
which  has  been  killed  in  the  dark,  in  alum  solution. 


694 


SENSE  OF  SIGHT. 


[chap.  zxi. 


Eleotrioal  CorreAts. — ^According  to  the  carefiil  researches  of 
Dewar  and  McKendrick,  and  of  Hohngren,  it  appears  that  the 
stimulus  of  light  is  able  to  produce  a  variation  of  the  natural 
electrical  current  of  the  retina.  The  current  is  at  first  increased 
and  then  diminished.  McKendrick  believes  that  this  is  the 
electrical  expression  of  those  chemical  changes  in  the  retina  of 
which  we  have  already  spoken. 

Visual  FeroeptiLoxui  and  Judgments. 

Beversion  of  the  Image. — The  direction  given  to  the  rajs 
by  their  refraction  is  regulated  by  that  of  the  central  ray,  or  axis 
of  the  cone,  towards  which  the  rays  are  bent.  The  image  of  any 
point  of  an  object  is,  therefore,  as  a  rule  (the  exceptions  to  which 
need  not  here  be  stated),  always  formed  in  a  line  identical  with 
the  axis  of  the  cone  of  light,  as  in  the  line  of  b  a,  or  a  b,  (fig.  331), 
80  that  the  spot  where  the  image  of  any  point  will  be  formed  upon 
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the  retina  may  be  determined  by  prolonging  the  central  ray  of  the 
cone  of  light,  or  that  ray  which  traverses  the  centre  of  the  pupiL 
Thus  A  6  is  the  axis  or  central  ray  of  the  cone  of  light  issuing 
from  A ;  B  a,  the  central  ray  of  the  cone  of  light  issuing  from  b  ; 
the  image  of  a  is  formed  at  b,  the  image  of  b  at  a,  in  the  inverted 
position ;  therefore  what  in  the  object  was  above  is  in  the  image 
below,  and  vice  versd, — the  right-hand  part  of  the  object  is  in  the 
image  to  the  left,  the  left-hand  to  the  right  If  an  opening  be 
made  in  an  eye  at  its  superior  surface,  so  that  the  retina  can  be 
seen  through  the  vitreous  humour,  this  reversed  image  of  any 
bright  object,  such  as  the  windows  of  the  room,  may  be  perceived 
at  the  bottom  of  the  eye.  Or  still  better,  if  the  eye  of  any  albino 
animal,  such  as  a  white  rabbit,  in  which  the  coats,  from  the 
absence  oi  pigoieii^i,  «xe  transparent^  is  dissected  dean,  and  held 
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with  the  cornea  towards  the  window,  a  very  distinct  image  of  the 
window  completely  inverted  is  seen  depicted  on  the  posterior 
translucent  wall  of  the  eye.  Yolkmann  has  also  shown  that  a 
similar  experiment  may  be  successfuUy  performed  in  a  living 
person  possessed  of  large  prominent  eyes,  and  an  unusually  trans- 
parent sclerotica. 

An  image  formed  at  any  point  on  the  retina  is  referred  to  a 
point  outside  the  eye,  lying  on  a  straight  line  drawn  from  the 
point  on  the  retina  outwards  through  the  centre  of  the  pupiL 
Thus  an  image  on  the  left  side  of  the  retina  is  referred  by  the 
mind  to  an  object  on  the  right  side  of  the  eye,  and  vice  vend. 
Thus  all  images  on  the  retina  are  mentally,  as  it  were,  projected 
in  front  of  the  eye,  and  the  objects  are  seen  erect  though  the 
image  on  the  retina  is  reversed.  Much  needless  confusion  and 
difficulty  have  been  raised  on  this  subject  for  want  of  remembering 
that  when  we  are  said  to  see  an  object,  the  mind  is  merely  con- 
scious of  the  picture  on  the  retina,  and  when  it  refers  it  to  the 
external  object,  or  "  projects "  it  outside  the  eye,  it  necessarily 
reverses  it  and  sees  the  object  as  erect,  though  the  retinal  image 
is  inverted.  This  is  further  coiToborated  by  the  sense  of  touch. 
Thus  an  object  whose  picture  falls  on  the  left  half  of  the  retina  is 
reached  by  the  right  hand,  and  hence  is  said  to  lie  to  the  rigid. 
Or,  again,  an  object  whose  image  is  formed  on  the  upper  part  of 
the  retina  is  readily  touched  by  the  feet,  and  is  therefore  said  to 
be  in  the  lower  part  of  the  field,  and  so  on. 

Hence  it  is,  also,  that  no  discordance  arises  between  the  sensa- 
tions of  inverted  vision  and  those  of  touch,  which  perceives  every- 
thing in  its  erect  position ;  for  the  images  of  all  objects,  even  of 
our  own  limbs,  in  the  retina,  are  equally  inverted,  and  therefore 
maintain  the  same  relative  position. 

Even  the  image  of  our  hand,  while  used  in  touch,  is  seen  inverted.  The 
position  in  which  we  see  objects,  we  call,  therefore,  the  erect  position.  A 
mere  lateral  inversion  of  our  body  in  a  mirror,  where  the  right  hand 
occapies  the  left  of  the  image,  is  indeed  scarcely  remarked  :  and  there  is 
but  little  discordance  between  the  sensations  acquired  by  touch  in  regulating 
our  movements  by  the  image  in  the  mirror,  and  those  of  sight,  as,  for  ex- 
ample, in  tying  a  knot  in  the  cravat.  There  is  some  want  of  harmony  here, 
<m  account  of  the  inversion  being  only  lateral,  and  not  complete  in  all 
directions. 

The  perception  of  the  erect  position  of  ob^ecta  a^^^^x^  >i>CL^T^- 
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fore,  to  be  the  result  of  an  act  of  the  mind.  And  this  leads  us  to 
a  consideration  of  the  several  other  properties  of  the  retina,  and 
of  the  co-operation  of  the  mind  in  the  several  other  parts  of  the 
act  of  vision.  To  these  belong  not  merely  the  act  of  sensation 
itself,  and  the  perception  of  the  changes  produced  in  the  retina, 
as  light  and  colours,  but  also  the  conversion  of  the  mere  images 
depicted  in  the  retina  into  ideas  of  an  extended  field  of  vision,  of 
proximity  and  distance,  of  the  form  and  size  of  objects,  of  the 
reciprocal  influence  of  different  parts  of  the  retina  upon  each 
other,  the  simultaneous  action  of  the  two  eyes,  and  some  other 
phenomena. 

Field  of  Vision. — The  actual  size  of  the  field  of  vision  depends 
on  the  extent  of  the  retina,  for  only  so  many  images  can  be  seen  at 
any  one  time  as  can  occupy  the  retina  at  the  same  time  ;  and  thus 
considered,  the  retina,  of  which  the  affections  are  perceived  by  the 
mind,  is  itself  the  field  of  vision.  But  to  the  mind  of  the  individual 
the  size  of  the  field  of  vision  has  no  determinate  limits;  sometimes 
it  appears  very  small,  at  another  time  .very  large ;  for  the  mind 
has  the  power  of  projecting  images  on  the  retina  towards  the 
exterior.  Hence  the  mental  field  of  vision  is  very  small  when 
the  sphere  of  the  action  of  the  mind  is  limited  to  impediments 
near  the  eye  :  on  the  contrary,  it  is  very  extensive  when  the  pro- 
jection of  the  images  on  the  retina  towards  the  exterior,  by  the 
influence  of  the  mind,  is  not  impeded.  It  is  very  small  when  we 
look  into  a  hollow  body  of  small  capacity  held  before  the  eyes ; 
large  when  w^c  look  out  upon  the  landscape  through  a  small 
opening ;  more  extensive  when  wc  look  at  the  landscape  through 
a  window ;  and  most  so  when  our  view  is  not  confined  by  any 
near  oV)ject.  In  all  these  cases  the  idea  which  we  receive  of  the 
size  of  the  field  of  vision  is  very  different,  although  its  absolute 
size  is  in  all  the  same,  being  dependent  on  the  extent  of  ihe 
retina.  Hence  it  follows,  that  the  mind  is  constantly  co-opera- 
ting in  the  acts  of  vision,  so  that  at  last  it  becomes  difi&cult  to 
say  what  belongs  to  mere  sensation,  and  what  to  the  influence  of 
the  mind. 

By  a  mental  operation  of  this  kind,  we  obtain  a  correct  idea  of 
the  size  of  individual  objects,  as  well  as  of  the  extent  of  the  field 
of  vision. 

To  illustrate  tliiB,  \t  ''mSWi^  ^^Vl  lo  refer  to  fig.  332, 


CHAP.  XXI.] 


ESTIMATION    OF    SIZE. 


697 


The  angle  x^  included  Isetween  the  decussating  central  rajs  of  two  cones 
of  light  issuing  from  different  points  of  an  object,  is  called  the  optical  angle 
— angultuf  opticus  sen  visoriut.  This  angle  becomes  larger,  the  greater  the 
distance  between  the  points  A  and  B ;  and  since  the  angles  x  and  y  are 
equal,  the  distance  between  the  points  a  and  b  in  the  image  on  the  retina 


Fig,  332. 


increases  as  the  angle  x  becomes  larger.  Objects  at  different  distances  from 
the  eye,  but  having  the  same  optical  angle,  x — for  example,  the  objects,  c,  d, 
and  e, — ^must  also  throw  images  of  equal  size  upon  the  retina ;  and,  if  thej 
occupy  the  same  angle  of  the  field  of  vision,  their  image  must  occupy  the 
same  spot  in  the  retina. 

Nevertheless,  these  images  appear  to  the  mind  to  be  of  very  unequal  size 
when  the  ideas  of  distance  and  proximity  come  into  play ;  for,  from  the 
image  a  6,  the  mind  forms  the  conception  of  a  visual  space  extending  to 
e,  dy  or  e,  and  of  an  object  of  the  size  which  that  represented  by  the  image 
on  the  retina  appears  to  have  when  viewed  close  to  the  eye,  or  under  the 
most  usual  circumstances. 


of  Size. — Our  estimate  of  the  size  of  various 
objects  is  based  partly  on  the  visual  angle  under  which  theyare 
seen,  bat  much  more  on  the  estimate  we  form  of  their  distance. 
Thus  a  lofty  mountain  many  miles  off  may  be  seen  under  the  same 
visual  angle  as  a  small  hill  near  at  hand,  but  we  infer  that  the 
former  is  much  the  lai'ger  object  because  we  know  it  is  much 
further  off  than  the  hill.  Our  estimate  of  distance  is  often 
erroneous,  and  consequently  the  estimate  of  size  also.  Thus 
persons  seen  walking  on  the  top  of  a  small  hill  against  a  clear 
twilight  sky  appear  unusually  large,  because  we  over-estimate 
their  distance,  and  for  similar  reasons  most  objects  in  a  fog 
appear  immensely  magnified.  The  same  mental  process  gives 
rise  to  the  idea  of  depth  in  the  field  of  vision ;  this  idea  being 
fixed  in  our  mind  principally  by  the  circumstance  that,  as  we 
ourselves  move  forwards,  different  images  in  succession  become 
depicted  on  our  retina,  so  that  we  seem  to  pass  between  these 
images,  which  to  the  mind  is  the  same  thing  as  passing  between 
the  objects  themselves. 
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The  action  of  the  sense  of  vision  in  relation  to  external  objects 
is,  therefore,  quite  different  from  that  of  the  sense  of  touch.  The 
objects  of  the  latter  sense  are  immediately  present  to  it ;  and  our 
own  body,  with  which  they  come  into  contact,  is  the  measure  of 
their  size.  The  part  of  a  table  touched  by  the  hand  appears  as 
large  as  the  part  of  the  hand  receiving  an  impression  from  it, 
for  a  part  of  our  body  in  which  a  sensation  is  excited,  is  here  the 
measure  by  which  we  judge  of  the  magnitude  of  the  object.  In 
the  sense  of  vision,  on  the  contrary,  the  images  of  objects  are 
mere  fractious  of  the  objects  themselves  realised  upon  the  retina, 
the  extent  of  which  remains  constantly  the  same.  But  the  imagi- 
nation, which  analyses  the  sensations  of  vision,  invests  the  images 
of  objects,  together  with  the  whole  field  of  vision  in  the  retina, 
with  very  varying  dimensions ;  the  relative  size  of  the  image  is  in 
proportion  to  the  whole  field  of  vision,  or  of  the  affected  parts  of 
the  retina  to  the  whole  retina,  alone  remaining  unaltered. 

Estimation  of  Direction. — The  direction  in  which  an  object 
is  seen,  the  direction  of  vision,  depends  on  the  part  of  the  retina 
which  receives  the  image,  and  on  the  distance  of  this  part  from, 
and  its  relation  to,  the  central  point  of  the  retina.  Thus,  objects 
of  which  the  images  fall  upon  the  same  parts  of  the  retina  lie  in 
the  same  visual  direction ;  and  when,  by  the  action  of  the 
mind,  the  images  or  affections  of  the  retina  are  projected  into 
the  exterior  world,  the  relation  of  the  images  to  each  other 
remains  the  same. 

Estimd^tion  of  Form. — The  estimation  of  the  form  of  bodies 
by  sight  is  the  result  partly  of  the  mere  sensation,  and  partly  of 
the  association  of  ideas.  Since  the  form  of  the  images  perceived 
by  the  retina  depends  wholly  on  the  outline  of  the  part  of  the 
retina  affected,  the  sensation  alone  is  adequate  to  the  distinction 
of  only  superficial  forms  of  each  other,  as  of  a  square  from  a  circle. 
But  the  idea  of  a  solid  body,  as  a  sphere,  or  a  body  of  three  or 
more  dimensions,  e.  </.,  a  cube,  can  only  be  attained  by  the  action 
of  the  mind  constructing  it  from  the  different  superficial  images 
seen  in  different  positions  of  the  eye  with  regard  to  the  object ; 
and,  as  shown  by  Mr.  Wheatstone  and  illustrated  in  the  stereo- 
scope, from  two  different  perspective  projections  of  the  body  being 
presented  simultaneously  to  the  mind  by  the  two  eyes.  Hence, 
when^  in  adult  txgc,  sight  is  suddenly  restored  to  persons  blind 


CHAP.  XXI.]      ESTIMATION    OF   FORM   AND    DIRECTION.       699 

from  infancy,  aU  objects  in  the  field  of  vision  appear  at  first  as  if 
painted  flat  on  one  surface  ;  and  no  idea  of  solidity  is  formed  until 
after  long  exercise  of  the  sense  of  vision  combined  'with  that  of 
touch. 

The  deamess  with  "whicli  an  object  is  perceived  irrespective  of 
accommodation,  would  appear  to  depend  largely  on  the  number 
of  rods  and  cones  which  its  retinal  image  covers.  Hence  tho 
nearer  an  object  is  to  the  eye  (within  moderate  limits)  the  more 
clearly  are  all  its  details  seen.  Moreover,  if  we  want  carefully  to 
examine  any  object,  we  always  direct  the  eyes  straight  to  it,  so 
that  its  image  shall  fall  on  the  yellow  spot  where  an  image  of  a 
given  area  will  cover  a  larger  number  of  cones  than  anywhere  else 
m  the  retina.  It  has  been  found  that  the  images  of  two  points 
must  be  at  least  tto  cjtj  i^  apart  on  tho  yellow  spot  in  order  to  be 
distinguished  separately ;  if  the  images  are  nearer  together,  tho 
points  appear  as  one.  The  diameter  of  each  cone  in  this  part  of 
the  retina  is  about  Yihru  ^°* 

Estiination  of  Movement  of  a  Body. — Wo  judge  of  the 
motion  of  an  object,  partly  from  the  motion  of  its  image  over  the 
surface  of  the  retina,  and  partly  from  the  motion  of  our  eyes 
following  it  If  the  imago  upon  the  retina  moves  while  our  eyes 
and  our  body  are  at  rest,  we  conclude  that  the  object  is  changing 
its  relative  position  with  regard  to  ourselves.  In  such  a  case  the 
movement  of  the  object  may  be  apparent  only,  as  when  we  are 
standing  upon  a  body  which  is  in  motion,  such  as  a  ship.  If,  on 
the  other  hand,  the  image  does  not  move  with  regard  to  the  retina, 
but  remains  fixed  upon  the  same  spot  of  that  membrane,  while 
our  eyes  follow  the  moving  body,  we  judge  of  the  motion  of  the 
object  by  the  sensation  of  the  muscles  in  action  to  move  the  eye. 
If  the  image  moves  over  tho  surface  of  the  retina  while  the 
muscles  of  the  eye  are  acting  at  the  same  time  in  a  manner 
corresponding  to  this  motion,  as  in  reading,  we  infer  that  the 
object  is  stationary,  and  wo  know  that  we  are  merely  altering  the 
relations  of  our  eyes  to  the  object.  Sometimes  the  object  appears 
to  move  when  both  object  and  eye  are  fixed,  as  in  vertigo. 

Tho  mind  can,  by  the  faculty  of  attention,  concentrate  its 
activity  more  or  less  exclusively  upon  the  sense  of  sight,  hear- 
ing, and  touch,  alternately.     When  exclusively  occupied  with.  1\^^ 
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action  of  one  sense,  it  is  scarcely  conscious  of  the  sensations  of 
the  others.  The  mind,  when  deeply  immersed  in  contemplations 
of  another  nature,  is  indifferent  to  the  actions  of  the  sense  of 
sight,  as  of  every  other  sense.  We  often,  n^hen  deep  m  thought, 
have  om*  eyes  open  and  fixed,  hut  see  nothing,  hecause  of  the 
stimidus  of  ordinary  light  being  unable  to  excite  the  brain  to 
perception,  when  otherwise  engaged.  The  attention  which  is 
thus  necessary  for  vision,  is  necessary  also  to  analyse  what  the 
field  of  vision  presents.  The  mind  does  not  perceive  all  the 
objects  presented  by  the  field  of  vision  at  the  same  time  with 
equal  acuteness,  but  directs  itself  first  to  one  and  then  to  another. 
The  sensation  becomes  more  intense,  according  as  the  particular 

object  is  at  the  time  the  principal  object  of  mental 
contemplation.  Any  compound  mathematical  figure 
produces  a  different  impression  according  as  the 
attention  is  directed  exclusively  to  one  or  the  other 
part  of  it.  Thus  in  fig.  333,  we  may  in  succession 
have  a  vivid  perception  of  the  whole,  or  of  distinct 
parts  only ;  of  the  six  triangles  near  the  outer  circle,  of  the  hexagon 
in  the  middle,  or  of  the  three  large  triangles.  The  more  numerous 
and  varied  the  parts  of  which  a  figure  is  composed,  the  more 
scope  does  it  afford  for  the  play  of  the  attention.  Hence  it  is 
that  architectural  ornaments  have  an  enlivening  effect  on  the  sense 
of  vision,  since  they  afford  constantly  fresh  subject  for  the  action 
of  the  mind. 

Sensations  of  Colour. — ^The  colom*  of  the  spectnmi  varies 
with  that  of  the  object  which  produced  it.  The  spectra  left  by 
the  images  of  white  or  luminous  objects,  are  ordinarily  white  or 
luminous ;  those  left  by  dark  objects  are  dark.  Sometimes,  how- 
ever, the  relation  of  the  light  and  dark  parts  in  the  image  may, 
imder  certain  circumstances,  be  reversed  in  the  spectrum ;  what 
was  bright  may  be  dark,  and  what  was  dark  may  appear  light 
This  occurs  whenever  the  eye,  which  is  the  seat  of  the  spectrum 
of  a  luminous  object,  is  not  closed,  but  fixed  upon  another  bright 
or  white  surface,  as  a- white  wall,  or  a  sheet  of  white  paper.  Hence 
the  spectrum  of  the  sun,  which,  while  light  is  excluded  from  the 
eye  is  luminous,  appears  black  or  grey  when  the  eye  is  directed 
upon  a  white  surface.  The  explanation  of  this  is,  that  the  part 
of  the  retina  wh\c;\i  hiSiS  received  the  luminous  image  remains  for  a 
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certain  period  afterwards  in  an  exhausted  or  less  sensitive  state, 
while  that  which  has  received  a  dark  image  is  in  an  unexhausted, 
and  therefore  much  more  excitable  condition. 

The  ocular  spectra  which  remain  after  the  impression  of 
coloured  objects  upon  the  retina  are  always  coloured ;  and  their 
colour  is  not  that  of  the  object,  or  of  the  image  produced  directly 
by  the  object,  but  the  opposite,  or  complemental  colour.  The 
spectrum  of  a  red  object  is, 
therefore,  green ;  that  of  a  green 
object,  red ;  that  of  violet,  yellow } 
that  of  yellow,  violet,  and  so  on. 
The  reason  of  this  is  obvious.  The 
part  of  the  retina  which  receives, 
say,  a  red  image,  is  wearied  by 
that  particular  colour,  but  re- 
mains sensitive  to  the  other  rays 
which  with  red  make  up  white 
light ;  and,   therefore,   these   by 

themselves  reflected  from  a  white  object  produce  a  green  hue. 
I^  on  the  other  hand,  the  first  object  looked  at  be  green,  the 
retina  being  tired  of  green  rays,  receives  a  red  image  when  the 
eye  is  turned  to  a  white  object.  And  so  with  the  other  colours ; 
the  retina  while  fatigued  by  yellow  rays  will  suppose  an  object 
to  be  violet,  and  vice  versd ;  the  size  and  shape  of  the  spectrum 
corresponding  with  the  size  and  shape  of  the  original  object  looked 
at.     The  colours  which  thus  reciprocally  excite  each  other  in  the 
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*  Fig.  334.  A  circle  showing  the  various  simple  and  compound  colours  of 
light,  and  those  which  are  complemental  of  each  other,  t.^.,  which,  when 
mixed,  produce  a  neutral  grey  tint.  The  three  simple  colours,  red,  yellow, 
and  blue,  are  placed  at  the  angles  of  an  equilateral  triangle  ;  which  are  con* 
nected  together  by  means  of  a  circle  ;  the  mixed  colours,  green,  orange,  and 
violet,  are  placed  intermediate  between  the  corresponding  simple  or  homo- 
geneous colours  ;  and  the  complemental  colours,  of  which  the  pigments,  when 
mixed,  would  constitute  a  grey,  and  of  which  the  prismatic  spectra  would 
together  produce  a  white  light,  will  be  foimd  to  be  placed  in  each  case 
opposite  to  each  other,  but  connected  by  a  line  passing  through  the  centre  of 
the  circle.  The  figure  is  also  useful  in  showing  the  further  diades  of  colour 
which  are  complementary  of  each  other.  If  the  circle  be  supposed  to  contain 
every  transition  of  colour  between  the  six  marked  down,  those  which,  when 
united,  yield  a  white  or  grey  colour,  will  always  be  found  directly  opposite 
to  each  other ;  thus,  for  example,  the  intermediate  tint  between  orange  and 
red  is  complemental  of  the  middle  tint  between  green  and  blue. 
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retina  are  those  placed  at  opposite  points    of   the    circle    in 

%  334- 
Colour  Blindness  or  Daltonism. — From  these  facts  it  would 

appear  probable  that  the  retina  possesses  special  elements  appro- 
priated to  special  colours.  The  theory  of  Young  and  HelmholtZy 
according  to  which  there  are  at  least  three  such  sets  of  elements 
for  red,  green,  and  violet,  seems  to  be  supported  by  the  following 
facts.  The  peripheral  parts  of  the  retina  have  no  perception  of 
red.  The  area  of  the  retina  which  is  capable  of  receiving  im- 
pressions of  colour  is  slightly  different  for  each  colour.  Again, 
Daltonism  or  colour-blindess  is  a  by  no  means  unconmion  visual 
defect.  One  of  the  commonest  forms  is  the  inability  to  distinguish 
between  red  and  green  and  yellow.  The  simplest  explanation  of 
such  a  condition  is,  that  the  elements  of  the  retina  which  receive 
the  impression  of  red,  etc.,  are  absent  or  very  imperfectly 
developed. 

Of  the  Beciprocal  Action  of  Different  Farts  of  the  Betina 

on  each  other. 

Although  each  elementary  part  of  the  retina  represents  a  distinct 
portion  of  the  field  of  vision,  yet  the  different  elementary  parts,  or 
sensitive  points  of  that  membrane,  have  a  certain  influence  on  each 
other ;  the  particular  condition  of  one  influencing  that  of  another, 
so  that  the  image  perceived  by  one  part  is  modified  by  the  image 
depicted  in  the  other.  The  phenomena,  which  result  from  this 
relation  between  the  diffrent  parts  of  the  retina,  may  be  arranged 
in  two  classes  ;  the  one  including  those  where  the  condition  exist- 
ing in  the  greater  extent  of  the  retina  is  imparted  to  the  remainder 
of  that  membrane  ;  the  other,  consisting  of  those  in  which  the 
condition  of  the  larger  portion  of  the  retina  excites,  in  the  less 
extensive  portion,  the  opposite  condition. 

I.  When  two  opposite  impressions  occur  in  contiguotis  parts  of  an  image 
on  the  retina,  the  one  impression  is,  under  certain  circumstances,  modified 
by  the  other.  If  the  impressions  occupy  each  one-half  of  the  imaf^e,  this 
does  not  take  place  ;  for  in  that  case,  their  actions  are  equally  balanced. 
But  if  one  of  the  impressions  occupies  only  a  small  part  of  the  retina,  and 
the  other  the  greater  part  of  its  surface,  the  latter  may,  if  long  continued, 
extend  its  influence  over  the  whole  retina,  so  that  the  opposite  less  extensive 
impression  is  no  longer  perceived,  and  its  place  becomes  occupied  by  the 
same  sensation  as  the  rest  of  the  field  of  vision.  Thus,  if  we  fix  the  eye  for 
some  time  upon  a  stn\>  oi  coloured  paper  lying  upon  a  white  sozface,  the 
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image  of  the  coloured  object,  especially  when  it  falls  on  the  lateral  parts  of 
the  retina,  will  gradually  disappear,  and  the  white  sorCace  be  seen  in  its 
place. 

2.  In  the  second  class  of  phenomena,  the  affection  of  one  part  of  the 
retina  influences  that  of  another  part,  not  in  such  a  manner  as  to  obliterate 
it,  but  so  as  to  cause  it  to  become  the  contrast  or  opposite  of  itself.  Thus  a 
grey  spot  upon  a  white  ground  appears  darker  than  the  same  tint  of  grey 
would  do  if  it  alone  occupied  the  whole  field  of  vision,  and  a  shadow  is 
always  rendered  deeper  when  the  light  which  gives  rise  to  it  becomes  more 
intense,  owing  to  the  greater  contrast. 

The  former  phenomena  ensue  gradually,  and  only  after  the  images  have 
been  long  fixed  on  the  retina ;  the  latter  are  instantaneous  in  their  produc- 
tion, and  are  permanent. 

In  the  same  way,  also,  colours  may  be  produced  by  contrast.  Thus,  a  very 
small  dull  grey  strip  of  paper,  lying  upon  an  extensive  surface  of  any  bright 
colour,  does  not  appear  grey,  but  has  a  faint  tint  of  the  colour  which  is 
the  complement  of  that  of  the  surrounding  surface.  A  strip  of  grey 
paper  upon  a  green  field,  for  example,  often  appears  to  have  a  tint 
of  red,  and  when  lying  upon  a  red  surface,  a  greenish  tint ;  it  has  an  orange- 
coloured  tint  upon  a  bright  blue  surface,  and  a  bluish  tint  upon  an  orange- 
coloured  surface  ;  a  yellowish  colour  upon  a  bright  violet,  and  a  violet  tint 
upon  a  bright  yellow  surface.  The  colour  excited  thus,  as  a  contrast  to  the 
exciting  colour,  being  wholly  independent  of  any  rays  of  the  corresponding 
colour  acting  from  without  upon  the  retina,  must  arise  as  an  opposite  or 
antagonistic  condition  of  that  membrane  ;  and  the  opposite  conditions  of 
which  the  retina  thus  becomes  the  subject  would  seem  to  balance  each  other 
by  their  reciprocal  reaction.  A  necessary  condition  for  the  production  of 
the  contrasted  colours  is,  that  the  part  of  the  retina  in  which  the  new  colour 
is  to  be  excited,  shall  be  in  a  state  of  comparative  repose  ;  hence  the  small 
object  itself  must  be  grey.  A  second  condition  is,  that  the  colour  of  the 
surrounding  surface  shall  be  very  bright,  that  is,  it  shall  contain  much  white 
Hght. 

Of  the  SimtdtaneouB  Action  of  the  two  Eyes. 

Although  the  sense  of  sight  is  exercised  by  two  organs,  yet 
the  impression  of  an  object  conveyed  to  the  mind  is  single. 

Various  theories  have  been  advanced  to  account  for  this  phenomenon. 
By  Gall,  it  was  supposed  that  we  do  not  really  employ  both  eyes  simul- 
taneously in  vision,  but  always  see  with  only  one  at  a  time.  This  especial 
employment  of  one  eye  in  vision  certainly  occurs  in  persons  whose  eyes  are 
of  very  unequal  focal  distance,  but  in  the  majority  of  individuals  both  eyes 
are  simultaneously  in  action  in  the  perception  of  the  same  object ;  this 
is  shown  by  the  double  images  seen  under  certain  conditions.  If  two  fingers 
be  held  up  before  the  eyes,  one  in  front  of  the  other,  and  vision  be  directed 
to  the  more  distant,  so  that  it  is  seen  singly,  the  nearer  will  appear  double  ; 
while,  if  the  nearer  one  be  regarded,  the  most  distant  will  be  seen  double  ; 
and  one  of  the  double  images  in  each  case  will  be  found  to  belong  to  one 
eye,  the  other  to  the  other  eye. 

Diplopia. — Single  vision  results  only  when  certain  parts  of  the 
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two  retinse  are  affected  simultaneously ;  if  different  parts  of  the 
retina)  receive  the  image  of  the  object,  it  is  seen  double.  This 
may  be  readily  illustrated  as  follows : — ^The  eyes  are  fixed  upon 
some  near  object,  and  one  of  them  is  pressed  by  the  thumb  so 
as  to  be  turned  slightly  in  or  out ;  two  images  of  the  object 
(Diplopia  or  Double  Vision)  are  at  once  perceived,  just  as  is 
frequently  the  case  in  persons  who  squint.  This  diplopia  is  due 
to  the  fact  that  the  images  of  the  object  do  not  fall  on  corre- 
sponding points  in  the  two  retinse. 

The  parts  of  the  retinse  in  the  two  eyes  which  thus  correspond 
to  each  other  in  the  property  of  referring  the  images  which 
affect  them  simultaneously  to  the  same  spot  in  the  field  of  vision 
are,  in  man,  just  those  parts  which  would  correspond  to  each 
other,  if  one  retina  were  placed  exactly  in  front  of,  and  over  the 
other  (as  in  fig.  335,  c).  Thus,  the  outer  lateral  portion  of  one 
eye  corresponds  to,  or,  to  use  a  better  term,  is  identical  with 
the  inner  portion  of  the  other  eye ;  or  a  of  the  eye  a  (fig.  335), 
with  a  of  the  eye  B.  The  upper  part  of  one  retina  is  also 
identical  with  the  upper  part  of  the  other ;  and  the  lower  parts 
of  the  two  eyes  are  identical  with  each  other. 

This  is  prov(Kl  by  a  simple  experiment.  Pressure  ui)on  any  part  of  the 
ball  of  the  eye,  so  as  to  affect  the  retina,  produces  a  luminous  circle,  seen  at 
the  opposite  side  of  the  field  of  vision  to  that  on  which  the  pressure  is  made. 
If,  now,  in  a  dark  room,  we  press  with  the  finger  at  the  upper  part  of  one 
eye,  and  at  the  lower  part  of  the  other,  two  luminous  circles  are  seen,  one 
above  the  other  :  so,  also,  two  figures  are  seen  when  pressure  is  made  simnl' 
taneously  on  the  two  outer  or  the  two  inner  sides  of  both  eyes.  .  It  is  certain, 
therefore,  that  neither  the  upper  part  of  one  retina  and  the  lower  part  of  the 
other  arc  identical,  nor  the  outer  lateral  parts  of  the  two  retime,  nor  their 
inner  lateral  portions.  But  if  pressure  be  made  with  the  fingers  upon  both 
eyes  simultaneously  at  their  lower  part,  one  luminous  ring  is  seen  at  the 
middle  cf  the  upper  part  of  the  field  of  vision  ;  if  the  pressure  be  applied 
to  the  upper  part  of  both  eyes,  a  single  luminous  circle  is  seen  in  the  middle 
of  the  field  of  vision  below.  So,  also,  if  we  press  upon  the  outer  side  <i  of 
the  eye  A,  and  upon  the  inner  side  a'  of  the  eye  B,  a  single  spectrum  is  pro* 
duced,  and  is  apparent  at  the  extreme  right  of  the  field  of  vision  ;  if  up<* 
the  point  b  of  one  eye,  and  the  point  h'  of  the  other,  a  single  spectrum  is  see^ 
to  the  extreme  left. 

The  spheres  of  the  two  retinae  may,  therefore,  be  regarded  as  lying  one 
over  the  other,  as  in  c,  fig.  336  ;  so  that  the  left  portion  of  one  eye  lies  over 
the  identical  left  portion  of  the  other  eye,  the  right  portion  of  one  eye  over 
the  identical  right  portion  of  the  other  eye  ;  and  with  the  upper  and  \o^^ 
portions  of  the  two  eyes,  a  lies  over  a\  h  over  J',  and  c  over  r*.  The  points  of 
the  one  retina  intermediate  between  a  and  c  are  again  identical  with  the  corre* 
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sponding  points  of  the  other  retina  between  a*  and  0' ;  those  between  h  and  0  of 
the  one  retina,  with  those  between  V  and  tf  of  the  other.  If  the  axes  of  the 
eyes,  ▲  and  b  (fig.  336),  be  so  directed  that  they  meet  at  a,  an  object  at  a 
will  be  seen  singly,  for  the  point  a  of  the  one  retina,  and  a'  of  the  other, 
are  identical.  So,  also,  if  the  object  j3  be  so  situated  that  its  image  falls  in 
both  eyes  at  the  same  distance  from  the  central  point  of  the  retina, — ^namely, 

^g^  335. 


at  ^  in  the  one  eye,  and  at  V  in  the  other, — ^  will  be  seen  single,  for  it  affects 
identical  parts  of  the  two  retinas.    The  same  will  apply  to  the  object  •/. 

In  quadrupeds,  the  relation  between  the  identical  and  non-identical  parts 
of  the  retina  cannot  be  the  same  as  in  man ;  for  the  axes  of  their  eyes 
generally  diverge,  and  can  never  be  made  to  meet  in  one  point  of  an  object. 

Fig.  336. 


When  an  animal  regards  an  object  situated  directly  in  front  of  it,  the  image 
of  the  object  must  fall,  in  both  eyes,  on  the  outer  portion  of  the  retinae. 
Thus,  the  image  of  the  object  a  (fig.  337)  will  fall  at  a'  in  one,  and  at  a"  in 
the  other:  and  these  points  a!  and  0"  must  be  identical.  So,  also,  for 
distinct  and  single  yision  of  objects,  h  or  ^,  the  points  V  and  V\  or  (f  and  c",  in 
the  two  letinse,  on  which  the  images  of  these  objects  fall,  must  be  identical. 
All  points  of  the  retina  in  each  eye  which  receive  rays  of  light  from  lateral 
objects  only,  can  have  no  corresponding  identical  points  in  the  retina  of  the 
other  eye ;  for  otherwise  two  objects,  one  situated  to  the  right  and  the  other 
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of  the  left,  wotQd  appear  to  lie  in  the  same  spot  of  the  field  of  vision.    It 
is  probable,  therefore,  that  there  are  in  the  eyes  of  animals,  parts  of  the 

-^.  337. 


retinse  which  nrc  identical,  and  parts  which  are  not  identical,  i.r.,  parts 
in  one  which  have  no  corresponding  parts  in  the  other  eye.     And  the 

relation  of  the  two  retinae  to  each  other  in  the  field 
of  vision  may  be  represented  as  in  fig.  338. 


Pig^  338. 


\ 


Binooular  Vision. — ^The     cause     of   the 
j  impressions  on  the  identical  points  of  the  two 


/ 


/  retinae  giving  rise  to  but  one  sensation,  and  the 
perception  of  a  single  image,  must  either  he 
in  the  stnictural  organization  of  the  deeper  or 
cerebral  portion  of  the  visual  apparatus,  or  be 
the  result  of  a  mental  operation ;  for  in  no  other  case  is  it  the 
property  of  the  corresponding  nerves  of  the  two  sides  of  the 
body  to  refer  their  sensations  as  one  to  one  spot. 

Many  attempts  have  been  made  to  explain  this  remarkable  relation 
between  the  eyes,  by  referring  it  to  anatomical  relation  between  the  optic 
nerves.  The  circumstance  of  the  inner  portion  of  the  fibres  of  the  two  optic 
nerves  decussating  at  the  commissure,  and  passing  to  the  eye  of  the  oppodte 
side,*  while  the  outer  portion  of  the  fibres  continue  their  course  to  the  eye  of 
the  same  side,  so  that  the  left  side  of  both  retinre  is  formed  from  one  root  of 
the  nerves,  and  the  right  side  of  both  retinae  from  the  outer  root,  naturally 
led  to  an  attempt  to  explain  the  phenomenon  by  tliis  distribution  of  the 
fibres  of  the  nerves.    And  tliis  explanation  is  favoured  by  cases  in  which 
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the  entire  of  one  side  of  the  retina,  as  far  as  the  central  point  in  both  eyes, 
sometimes  becomes  insensible.  Bat  MUUer  shows  the  inadequatencss  of 
this  theory  to  explain  the  phenomenon,  unless  it  be  supposed  that  each  fibre 
in  each  cerebral  portion  of  the  optic  nerves  divides  in  the  optic  commissure 
into  two  branches  for  the  identical  points  of  the  two  retinse,  as  is  shown  in 
A,  fig.  339.  But  there  is  no  foundation  for  such  supposition. 
By  another  theory  it  is  assumed  that  each  optic  nerve  contains  exactly  the 

Fi<J.  339. 


C 

same  number  of  fibres  as  the  other,  and  that  the  corresponding  fibres  of  the 
two  nerves  are  united  in  the  Sensorium  (as  in  fig.  339,  B).  But  in  this  theory 
no  account  is  taken  of  the  partial  decussation  of  the  fibres  of  the  nerves  in 
the  optic  commissure. 

According  to  a  third  theory,  the  fibres  a  and  a%  fig.  339,  C,  coming  from 
identical  points  of  the  two  retinae,  are  in  the  optic  commissure  brought  into 
one  optic  nerve,  and  in  the  brain  either  are  united  by  a  loop,  or  spring  from 
the  same  point.  The  same  disposition  prevails  in  the  case  of  the  identical 
fibres  h  and  V,  According  to  this  theory,  the  left  half  of  each  retina  would 
be  represented  in  the  left  hemisphere  of  the  brain,  and  the  right  half  of  each 
retina  in  tlie  right  hemisphere. 

Another  explanation  is  founded  on  the  fact,  that  at  the  anterior  part  of  the 
commissure  of  the  optic  nerve,  certain  fibres  pass  across  from  the  distal 
portion  of  one  nerve  to  the  corresponding  portion  of  the  other  nerves,  as  if 
they  were  commissural  fibres  forming  a  connection  between  the  retinas  of  the 
two  eyes.  It  is  supposed,  indeed,  that  these  fibres  may  connect  the  corres- 
ponding parts  of  the  two  retinae,  and  may  thus  explain  their  unity  of  action  ; 
in  the  same  way  that  corresponding  parts  of  the  cerebral  hemispheres  are 
believed  to  be  connected  together  by  the  commissural  fibres  of  the  corpus 
callosum,  and  so  enabled  to  exercise  unity  of  function. 


Judgment  of  Solidity. — On  the  whole,  it  is  probable,  that 
the  power  of  forming  a  single  idea  of  an  object  from  a  double 
impression  conveyed  by  it  to  the  eyes  is  the  result  of  a  mental 
act.  This  view  is  supported  by  the  same  facts  as  those  employed 
by  Professor  Wheatstone  to  show  that  this  power  is  subservient 
to  the  purpose  of  obtaining  a  right  perception  of  bodies  YOL\%»<i,^  vvx 
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II  an  object  is  placed  no  near  the  eyes  that  to  view  it 

s  muMt  converge,  a.  different  perapcctive  projection  d 

each  eye,  these  jwrBpectiveB  being  more  dissimilar  u 

e  of  the  optic  axes  becomes  greater.     Thus,  if  any 

ilimenaions,  au  outliuo  cube,  for  example,  be  held 

rate  distance  l^efore  the  ejes,  and  viewed   with  each 

Ively,  while  the  head  is  kept  jwrfcctly  steady,  a  (fig.  340) 

■  picture  presented  to  the  right  eye,  aud    b  that  Been 

Mr.    Whcatatone    has   shown    that    on   thm 


Fin.  34°- 


CHAPTER  XXII. 

GENERATION    AND    DEVELOPMENT. 

The  seyeral  organs  and  functions  of  the  human  body  which 
have  been  considered  in  the  previous  chapters,  have  relation  to 
the  individual  being.  We  have  now  to  consider  those  organs 
and  functions  which  are  destined  for  the  propagation  of  the 
species.  These  comprise  the  several  provisions  made  for  the 
formation,  impregnation,  and  development  of  the  ovum,  from 
which  the  embryo  or  foetus  is  produced  and  gradually  perfected 
into  a  fully-formed  human  being. 

The  oi^ns  in  the  two  sexes  concerned  in  effecting  these 
objects  are  named  the  Generative  organs,  or  Sexual  apparatus. 

Generative  Organs  of  the  Female. 

The  female  organs  of  generation  (fig.  341)  consist  of  two 
Ovaries,  whose  function  is  the  formation  of  ova;  of  a  Fallopian 
tube,  or  oviduct,  connected  with  each  ovary,  for  the  purpose  of 
conducting  the  ovum  from  the  ovary  to  the  Uteirus  or  cavity  in 
which,  if  impregnated,  it  is  retained  mitil  the  embryo  is  fully 
developed,  and  fitted  to  maintain  its  existence  independently  of 
internal  connection  with  the  parent ;  and,  lastly,  of  a  canal,  or 
vagina,  with  its  appendages,  for  the  reception  of  the  male  gene- 
rative organs  in  the  act  of  copulation,  and  for  the  subsequent 
dischaige  of  the  foetus. 

Ovaries. — The  ovaries  are  two  oval  compressed  bodies,  situated 
in  the  cavity  of  the  pelvis,  one  on  each  side,  enclosed  in  the  folds 
of  the  broad  ligament.  Each  ovary  measures  about  an  inch  and 
a  half  in  length,  three-quarters  of  an  inch  in  width,  and  nearly 
half  an  inch  in  thickness,  and  is  attached  to  the  uterus  by  a 
narrow  fibrous  cord  (the  ligament  of  the  ovary),  and,  more 
slightly,  to  the  FaUopian  tubes  by  one  of  the  fimbriae  into  which 
the  walls  of  the  extremity  of  the  tube  expand. 

The  ovary^is  enveloped  by  a  capstde  of  dense  fibro-cellular  tissue, 
covered  on  the  outside  by  epithelium  (germ-epithelium),  the  cells 
of  which,  although  continuous  with  the  squamous  epitheliiun  of  the 
peritoneum,  are  of  columnar  shape. 
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TLc  term  gtrm-rpithelitm  ia  appUeil  to  the  saperficinl  layer  of  cells  corer- 
ing  the  ovary,  oa  accoant  of  the  relation  which  it  bears  in  earlj  life  to  the 
derelopment  of  the  ota  ;  the  oro  being  fdmed  by  certain  of  these  epithe- 
lial cellx,  which,  becoming  modified  in  Btnicture,  are  Eradually  enclosed  in 
the  ovarian  stroma  (W*l'lcrer),    (See  fig.  41a) 

The  internal  structure  of  the  organ  consists  of  a  peculiar  soft 
fibrous  tissue,  or  flroma,  abuadautl;  supplied  with  blood-vessels, 


aud  brtTing  embedded  in  it,  in  viirious  stages  of  development, 
numerous  minute  follicles  or  vesicles,  the  Graafian  veiielet,  or  sacculi, 
containing  the  ova  (fig.  342).  (A  further  account  of  the  Graafian 
veaicles  ami  of  their  contained  ova  will  be  presently  given.) 

Fallopian  Tubes.— The  Fallopian  tvba  are  about  four  inches 
in  length,  and  extend  between  the  ovariea  and  the  upper  on^es 
of  the  uterus.  At  the  point  of  attachment  to  the  uterus,  the 
Fallopian  tube  is  very  narrow  ;  but  in  its  course  to  the  ovary  it 

*  Fig.  341.  Diagramtoatic  view  of  the  Dteras  and  its  appendages,  aa  seat 
from  behind.  \. — The  uteiTis  and  upper  part  of  the  vagina  bare  been  laid 
open  by  removing  the  posterior  irall ;  the  Fallopian  tube,  round  ligament, 
nnd  ovarian  ligament  have  been  cnt  short,  and  the  broad  ligament  removed 
on  the  left  ^de  ;  u,  the  upper  part  of  the  uterus ;  c,  thOiCenix  opposite  the 
OS  internum  ;  the  triangular  shape  of  the  uterine  cavi^  ia  ahown,  and  the 
dilatation  of  the  oervicaj  cavity  with  the  nig«  termed  arbor  vitie  ;  r,  upper 
part  of  the  vagina  ;  ad.  Fallopian  tube  or  oviduct ;  the  nuTOW  communieatiaii 
of  ita  cavity  with  that  of  the  comu  of  the  uterua  oq  each  side  is  seen  ;  ', 
ronnd  ligament ;  !o,  ligament  of  the  ovary  ;  a,  ovary  ;  i,  wide  oater  part  of 
the  right  Fallopian  tube  ;  ^,  its  fimbriated  extremity  ;  po,  parovarium ;  A, 
oDo  of  the  hydatids  bequently  found  connected  with  the  broad  ligament 
(Allen  ThomsonV 
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increases  to  about  a  line  and  a  half  iu  thickueaa ;  at  its  distal 
extremitf ,  wtiich  ia  free  and  floating,  it  bears  a  number  otfimbruei 
one  of  which,  longer  than  the  rest,  is  attached  to  the  ovary.  The 
canal  by  which  each  Fallopian  tube  is  traversed  is  narrow,  espe- 
cially at  its  point  of  entrance  into  the  uterus,  at  which  it  will 
scarcely  admit  a  bristle ;  its  other  extremity  is  wider,  and  opens 

Fig.  342* 


into  the  cav  ty  of  the  abdomen  surrounded  by  the  zone  of 
fimbr  te  Externally  the  Fallop  an  tube  s  nveated  w  th  pen 
toneum  nternally  ts  canal  s  I  ned  w  th  mucous  membrane 
covered  w  tb  elated  ep  tbel  m  between  the  pentoneal  and 
mucous  coats  the  walla  are  composed  1  ke  those  of  the  uterus  of 
fibrous  t  Bsue  and  pla  u  muscular  fibres 

UteruB — The  Uterui  («  c  fig  341)  s  somewhat  pynform 
and  in  the  unmipregnated  state  s  about  three  nches  n  length 
two  in  breadth  at    ts  upper  part  or  /u  d  s   but  at   ts  lower 

*  Fig  341  V  ew  of  a  sect  on  of  the  prepared  ovary  of  the  cut  I  oater 
eoTennf;  tmil  free  border  of  tlie  ovary  atUchcd  bo  de      3   the  oTanou 

stroma,  preiient  ng  n  fibraue  and  vaecu  b  atru  ture  3  granular  auhatan  e 
lying  external  to  the  fibrous  stroma  4  b  ood  rciisela  5  ov  genne  a  their 
esrl  eat  stages  oc  apving  a  part  oC  the  gramda  ayer  near  the  surface 
6  ov  germe  whl  h  have  begun  to  enlarge  and  to  pass  more  deeply  m  a  the 
ovary  7  ovigems  round  wh  ch  the  G  aafia  fal  0  and  t  m  La  gramilDsa 
•re  now  formed,  and  which  have  passed  soniewhat  deejwr  into  the  orary  and 
are  suironnded  by  the  fibrous  stroma  ;  8,  more  advanced  Graafian  follicle  with 
the  ovum  imbedded  in  tlie  layer  of  cells  constituting  the  proligerous  disc  ;  9, 
tlie  most  advanced  follicle  coataining  the  ovum,  etc. ;  9',  a  follicle  from  wtii!::.b. 
tha  ovnm  ha«  accidentally  escaped  ;  ID,  corpQilul«ami,%Ax6ik\.    \. 
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pointed  part  or  nedt,  only  about  half  an  inch.  The  part  between 
the  fundus  and  neck  is  termed  the  body  of  the  uterus :  it  is  about 
au  inch  in  thicknesa 

The  uterus  is  constructed  of  three  principal  layers,  or  coats, — 
serouif  fibrous  and  muscular,  and  mucoiLs. 

(i).  The  serous  coat,  which  has  the  same  general  structure  as 
the  peritoneum,  covers  the  organ  before  and  behind,  but  is  absent 
from  the  front  siuface  of  the  neck. 

(2).  The  middle  coat  is  composed  of  dense  connective  tissue, 
with  which  are  intermingled  fibres  of  imstriped  muscle.  The 
latter  become  enormously  developed  during  pregnancy. 

(3).  The  mucous  membrane  of  the  uterus  will  be  described 
more  in  detail  presently  (p.  750).  It  is  lined  by  colunmar  ciliated 
epithelium,  which  extends  also  into  the  interior  of  the  tubular 
glands,  of  which  the  mucous  membrane  is  lai^ly  made  up. 
(Allen  Thomson,  Nylander,  Friedlander,  John  Williams.) 

The  cavity  of  the  uterus  corresponds  in  form  to  that  of  the 
organ  itself:  it  is  very  small  in  the  imimpregnated  state;  the 
sides  of  its  mucous  surface  being  almost  in  contact,  and  probably 
only  separated  from  each  other  by  mucus.  Into  its  upper  part, 
at  each  side,  opens  the  canal  of  the  corresponding  Fallopian 
tube :  below,  it  communicates  with  the  vagina  by  a  fissure-like 
opening  in  its  neck,  the  os  uteri,  the  margins  of  which  are  dis- 
tingiiished  into  two  lips,  an  anterior  and  posterior.  In  the 
mucous  membrane  of  the  cervix  are  found  several  mucous 
follicles,  termed  ovula  or  glandulae  Nabothi :  they  probably  form 
the  jelly-like  substance  by  which  the  os  uteri  is  usually  found 
closed. 

The  vagina  is  a  membranous  canal,  five  or  six  inches  long, 
extending  obliquely  downwards  and  forwards  from  the  neck  of 
the  uterus,  which  it  embraces,  to  the  external  organs  of  genera- 
tion. It  is  lined  with  mucous  membrane,  which  in  the  ordinary 
contracted  state  of  the  canal  is  thrown  into  transverse  folds. 
£xtemal  to  the  mucous  membrane,  the  walls  of  the  vagina  are 
constructed  of  fibrous  tissue,  within  which,  especially  around  the 
lower  part  of  the  tube,  is  a  layer  of  erectile  tissue.  The  lower 
extremity  of  the  vagina  is  embraced  by  an  orbicul^  muscle,  the 
constrictor  vagince ;  its  external  orifice,  in  the  virgin,  is  partially 
closed  by  a  fold  or  tmig  ot  tclmcous  membrane,  termed  the  hymen. 
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The  external  organs  of  generation  consist  of  the  clitoris,  a  small 
elongated  body,  situated  above  and  in  the  middle  line,  and  con- 
structed, like  the  male  penis,  of  two  erectile  corpora  cavernosa, 
but  unlike  it,  without  a  corpus  spongiosum,  and  not  perforated 
by  the  urethra ;  of  two  folds  of  mucous  membrane,  termed  labia 
interna^  or  nymphoe ;  and,  in  front  of  these,  of  two  other  folds, 
the  labia  externa,  or  pudenda,  formed  of  the  external  integument, 
and  lined  internally  by  mucous  membrane.  Between  the  nymphae 
and  beneath  the  clitoris  is  an  angular  space,  termed  the  vesti- 
bule, at  the  centre  of  whose  base  is  the  orifice  of  the  meatus 
urinarius.  Numerous  mucous  follicles  are  scattered  beneath 
the  mucous  membrane  composing  these  parts  of  the  external 
organs  of  generation ;  and  at  the  side  of  the  lower  part  of  the 
vagina,  are  two  larger  lobulated  glands,  named  vidvo-vaginaX, 
or  Duverney's  glands,  which  are  analogous  to  Cowper's  glands 
in  the  male. 

The  Unimpregnated  Ovum. 

Graafian  Vesicles. — If  the  structure  and  formation  of  the 
human  ovary  be  examined  at  any  period  between  early  infancy 
and  advanced  age,  but  especially  during  that  period  of  life  in 
which  the  power  of  conception  exists,  it  will  be  found  to  contain  a 
number  of  small  vesicles  or  membranous  sacs  of  various  sizes ; 
these  have  been  already  alluded  to  as  the  follicles  or  vesicles  of  De 
Graaf,  the  anatomist  who  first  accurately  described  them ;  they 
are  also  sometimes  called  ovisacs. 

At  their  first  formAtion,  the  Graafian  yesicles  are  near  the  surface  of  the 
stroma  of  the  oyary,  but  subsequently  become  more  deeply  placed ;  and 
again,  as  they  increase  in  size,  make  their  way  towards  the  surface  (fig.  342). 

When  matm-e,  they  form  little  prominences  on  the  exterior  of 
the  ovary,  covered  only  by  a  thin  layer  of  condensed  fibrous  tissue 
and  epithelium.  Each  follicle  has  an  external  membranous 
envelope,  composed  of  fine  fibrous  tissue,  and  connected  with  the 
surrounding  stroma  of  the  ovary  by  networks  of  blood-vessela 
This  envelope  or  tunic  is  lined  with  a  layer  of  nucleated  cells, 
forming  a  kind  of  epithelium  or  internal  tunic,  and  named  mem- 
brana  granulosa.  The  cavity  of  the  follicle  is  filled  with  an  albu- 
minous fluid  in  which  microscopic  granules  float ;  and  it  contains 
also  the  ovujn. 
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Oniin. — The  ovum  ia  a  minute  Bpherical  body  situated,  ia  im- 
mature follicles,  near  the  centre ;  but  in  those  nearer  matorit^,  in 
contact  with  the  mcmbrana  granulosa  at  that  port  of  the  follicle 
vbich  forms  a  prominence  on  the  surface  of  the  07uy.  The  oella 
of  the  membrona  granulosa  are  at  that  point  more  numerous  than 
elsewhere,  and  arc  heaped  around  the  ovum,  forming  a  kind  d 
grunular  zone,  the  ditcu*  proligenu  (fig.  343). 

Id  order  to  examine  an  otoid,  one  of  the  GraafiaQ  vedclcs,  it  matters  not 

whether  it  be  of  small  size  or  arrived  at  maturity,  should  be  pricked,  tmil 
the  contained  fluid  received  upon  a  piece  of  glass.  The  ovum  then,  being 
foand  in  the  midst  of  the  Quid  by  mcaua  of  a  simple  lens,  may  be  further 
examined  with  higher  microecopic  powen.  Owing  to  ita  globular  fomi, 
however,  its  structure  camiot  be  seen  until  it  is  subjected  to  gentle  ptoson. 


The  human  ovmn  measures  about  -j^g  of  an  inch.  Ita  eitemal 
investment  is  a  traiiaparent  membrane,  about  ^j^n  of  on  inch  in 
thtcknesa,  which  under  the  microscope  appears  as  a  bright  rii^ 
(4.  fig-  343).  bounded  eitemally  and  internally  bj  a  dark  outline; 
it  is  called  the  zona  jxlluci'Ja,  or  vitelline  membrane.  It  adheres 
citcrually  to  the  heap  of  cells  constituting  the 
^'U-  343-*  (litetit  proligerua. 

Within  this  transparent  investment  or  rona 
pellucida,  and  usually  in  close  contact  with  it, 
lies  the  yolk  or  vitellus,  which  is  composed  of 
granules  and  globides  of  various  sizes,  im- 
bedded in  a  more  or  less  fluid  Bubsttmce.  The 
smaller  granules,  which  are  the  more  numerous, 
resemble  in  their  appearance,  aa  well  as  their 
constant  motion,  pigment-granules.  The  la^r  granules  w 
globides,  which  have  the  aspect  of  fat-globules,  are  ia  greatest 
number  at  tho  periphery  of  the  yolk.  The  number  of  the 
granules  is,  according  to  Bischoff,  greatest  in  the  ova  of  cami- 
Toruus  animals.  In  the  human  ovum  their  quantity  is  com- 
paratively small. 

In  the  substance  of  the  yolk  is  imbedded  the  germinal  vetidt, 
or  vesicula  germinativa  {2,  fig.  343).     This  vesicle  ia  of  greatest 


*  Fig.  343.  Ovum  (if  the  son.  I.  Genninal  sjiot.  2.  Gcnninal  vHtcle. 
3.  Volk.  4.  Zona  petlu<:id:i.  5.  Discus  proligetui.  6.  Adherent  granulci  sr 
cells  (Banj^. 
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relativo  size  in  the  smallest  ova,  and  is  in  them  surroimded 
closely  by  the  yolk,  nearly  in  the  centre  of  which  it  lies.  During 
the  development  of  the  ovum,  the  germinal  vesicle  increases  in 
size  much  less  rapidly  than  the  yolk,  and  comes  to  be  placed  near 
to  its  surface.  It  is  about  -fij^  of  an  inch  in  diameter.  It  consists 
of  a  fine,  transparent,  structureless  membrane,  containing  a  clear, 
watery  fluid,  in  which  are  sometimes  a  few  granules ;  and  at  that 
part  of  the  periphery  of  the  germinal  vesicle  which  is  nearest  to 
the  periphery  of  the  yolk  is  situated  the  germmal  spot  {macula 
gemiinativa),  a  finely  granulated  substance,  of  a  yellowish  colour, 
strongly  refracting  the  rays  of  light,  and  measuring  about  ^^^oxy  ^^ 
an  inch  in  diameter. 

Such  are  the  parts  of  which  the  Graafian  follicle  and  its  contents, 
including  the  ovum,  are  composed.  With  regard  to  the  mode  and 
order  of  development  of  these  parts  there  is  considerable  uncer- 
tainty ;  but  it  seems  most  likely  that  the  ovum  is  formed  before 
the  Graafian  vesicle  or  ovisac. 

With  regard  to  the  parts  of  the  ovum  first  formed,  it  appears 
certain  that  the  formation  of  the  germinal  vesicle  precedes  that 
of  the  yolk  and  zona  peUucida,  or  vitelline  membrane.  Whether 
the  germinal  spot  is  formed  first,  and  the  germinal  vesicle  after- 
wards developed  around  it,  cannot  be  decided  in  the  case  of  verte- 
brate animals ;  but  the  observations  of  Kolliker  and  Bagge  on  the 
development  of  the  ova  of  intestinal  worms  show  that,  in  these 
animals,  the  first  step  in  the  process  is  the  production  of  round 
bodies  resembling  the  germinal  spots  of  ova,  the  germinal  vesicles 
being  subsequently  developed  around  these  in  the  form  of  trans- 
parent membranous  cells. 

From  the  earliest  infancy,  and  through  the  whole  fruitful 
period  of  life,  there  appears  to  be  a  constant  formation,  develop- 
ment, and  maturation  of  Graafian  vesicles,  with  their  contained 
ova.  Until  the  period  of  puberty,  however,  the  process  is  com- 
paratively inactive ;  for,  previous  to  this  period,  the  ovaries  are 
small  and  pale,  the  Graafian  vesicles  in  them  are  very  minute, 
and  probably  never  attain  full  development,  but  soon  shrivel  and 
disappear,  instead  of  bursting,  as  matured  follicles  do ;  the  con- 
tained ova  are  also  incapable  of  being  impregnated.  But,  coinci- 
dent with  the  other  changes  which  occur  in  the  body  at  the  time 
of  puberty,  the  ovaries  enlarge,  and  become  very  NiD&c>3Xax^  \Xi^ 
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of  Gmnfiau  vesicles  is  more  almndant,    tho    she  and 
evclopmcnt  attained  by  them  arc  greater,  and  the  ors 
■  of  being  fecundated. 

•ge  of  the  OTum.— In  the  process  of  development  of 
Grafifitiu  vcsicloo,  it  has  been  alreiidj  observed,  that  m 

when  fwlly  ripe  or  mature,  forms  a  little  projection  on 
r.     Coincident  with  the  iucroaso  of  size,  caused  by  the 
ioB  of  its  litjuid  contents,  tho  external  envelope  of  the 
vesicle  becomes  very  thin  and  eventually  bursts.     By 
1,  tho  ovum  aiid  fluid  contents  of  the  Graa6au  vesicle 
;d,  and  escape  on  the  eiterior  of  the  ovary,  whence  they 
the  Fallopian  tube,  the  fimbriated  processes  of  tlie  ei- 
which  are  supposed  co incidentally  to  grasp  the  ovaiy, 
iperture  of  the  tube  is  applied  to  the  part  corrcspondiog 
lU'cd  and  bursting  vesicle. 

a!s  whose  capability  of  being  impregnated  occurs  at 
riods,  as  in  the  human  subject,  and  most  Mamnialtn, 
111  vesicles  and  their  contained  ova  appear  to  arrive  at 
md  the  latter  to  bo  discharged  at  Much  periods  only. 
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recent  rupture,  the  animals  were  at  the  time,  or  had  recently 
been,  in  heat ;  that  on  the  other  hand,  there  is  no  authentic  and 
detailed  accoimt  of  Graafian  vesicles  being  foimd  ruptured  in  the 
intervals  of  the  periods  of  heat ;  and  that  female  animals  do  not 
admit  the  males,  and  never  become  impregnated,  except  at  those 
periods. 

Menstruation. — Many  circumstances  make  it  certain  that  the 
himian  female  is  subject,  in  these  respects,  to  the  same  law  as  the 
females  of  other  mammiferous  animals  ;  namely,  that  in  her  as  in 
them,  ova  are  matured  and  discharged  from  the  ovary  independent 
of  sexual  union.  This  maturation  and  discharge  occur,  moreover, 
periodically  at  or  about  the  epochs  of  menstruation.  Thus 
Graafian  vesicles  recently  ruptured  have  been  frequently  seen  in 
ovaries  of  virgins  or  women  who  could  not  have  been  recently  im- 
pregnated ;  and  although  it  is  true  that  the  ova  discharged  under 
these  circumstances  have  rarely  been  discovered  in  the  Fallopian 
tube,*  partly  on  accoimt  of  their  minute  size,  and  partly  because 
the  search  has  seldom  been  prosecuted  with  much  care,  yet  analogy 
forbids  us  to  doubt  that  in  the  human  female,  as  in  the  domestic 
quadrupeds,  the  result  and  purpose  of  the  rupture  of  the  follicles 
is  the  discharge  of  the  ova. 

The  evidence  of  the  periodical  discharge  of  ova  is  that  in  most 
cases  in  which  signs  of  menstruation  have  been  found  in  th^ 
uterus,  follicles  in  a  state  of  matiuity  or  of  rupture  have  been 
seen  in  the  ovary ;  and  that  although  conception  is  not  confined  to 
the  periods  of  menstruation,  yet  it  is  more  likely  to  occur  about  a 
menstrual  epoch  than  at  other  times. 

The  exact  relation  between  the  discharge  of  ova  and  men- 
struation is  not  very  clear.  It  was  generally  believed  that 
the  monthly  flux  was  the  result  of  a  congestion  of  the  uterus 
arising  from  the  enlargement  and  rupture  of  a  Graafian  follicle ; 
but  though  a  Graafian  follicle  is,  as  a  rule,  ruptured  at  each 
menstrual  epoch,  yet  several  instances  are  recorded  in  which 
menstruation  has  occurred  where  no  Graafian  follicle  has  been 
ruptured,  and  on  the  other  hand  cases  are  known  where  ova  have 
been  discharged  in  amenorrhoeio  women.     It  must  therefore  be 


*  See,  however,  the  record  of  two  such  cases  by  Dr.  Letheby,  in  the  Philo- 
sophical Transactions,  1S51. 
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at  nicDstruiLtion  is  not  dependent  on  tbo  matunxtion 

go  of  o-va. 

srcover,  generally  (inderatood  tlmt  ova  were  discharged 

close  or  noon  after  the  ceetuition  of  a  nteostrual  flow. 
3   nindo   after  death,  and  facts  obtained  by  cltnicaJ 
n,   however,    do   not   support   tliia   view.       (Reicher^ 
,  LfiwoutbaL)     RiipUiro  of  a  Gnuifiau  follicle  docs  not 
,he  same  day  of  the  monthly  period  in  all  women.     It 
tiwards  the  close  or  soon  after  the  cessation  of  a  flow  ; 
a  small  minority  of  the  subjects  eiamined  iifter  death 
1  caue.     Oa  the  other  hand,  in  almost  all  such  subjects 
icro  is  record,  rupture  of  tiie  follicle  appears  to  have 
<   before  the  commencement  of  the  catamettial    flow. 
he  CTistom  of  the  Jews — a  prolific  race,  to  whom  by 
J  law  sexual  intercourse  during  the  week   following 
o  was  forbidden — niilitatea  strongly  in  favour  of  the 
inception  usually  occurs  before  and  not  aoou  after  a 
poeh,  and  uocoaBftrily,  therefore,  for  the  view  that  ova 
liachar^ed  before  the  catnmonial  flow.     This,  together 
itomical  condition  of  the  uterus  just  before  the  cata- 

to  indicBto  that  the  ovum  fertilized  is  that  which  is 
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mucous  surface  of  the  body  of  the  uterus.  It  does  not  extend 
into  the  Fallopian  tube  or  into  the  cavity  of  the  cervix.  It  attains 
its  highest  state  of  development  in  the  imimpregnated  organ  just 
before  the  commencement  of  a  catamenial  flow  (fig.  344).      If 


Fig.  344.* 


Pig-  345- 


Fig.  346. 


impregnation  take  place,  it  becomes  the  decidua  vera  ;  if  impreg- 
nation fail,  the  membrane  undergoes  rapid  disintegration;  its 
vessels  arc  laid  open  and  haemorrhage  follows  (John  Williams). 
The  blood  poured  out  may  not  coagulate  in  consequence  of  the 
admixture  already  mentioned,  or  coagulation  may  occur,  but  the 
process  is  more  or  less  spoiled,  and  what  clot  is  formed  is  broken 
down  again,  so  as  to  imitate  liquid  blood.     (See  also  p.  103.) 

Menstruation,  therefore,  is  not  the  result  of  congestion,  or  of 
a  species  of  erection,  but  of  a  destructive  process  by  which  the 


*  Fig.  344.  Diagram  of  utenis  just  before  lucustmatioii ;  the  shaded 
portion  represents  the  thickened  mucous  membrane.  Fig.  345.  Diagram  of 
uterus  when  menstruation  has  just  ceased,  showing  the  cavity  of  the  uterus 
deprived  of  mucous  membrane.  Fig.  346,  Diagram  of  uterus  a  week  after 
the  menstrual  flux  has  ceased :  the  shaded  portion  represents  renewed  mucous 
membrane  (J.  Williams). 
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decidua  or  nidus  prepared  for  an  impregnated  ovum  is  carried 
away.  It  is  not  a  sign  of  the  capability  of  being  impregnated  as 
much  as  of  disappointed  impregnation. 

The  occurrence  of  a  menstrual  discharge  is  one  of  the  most 
prominent  indications  of  the  commencement  of  puberty  in  the 
female  sex;  though  its  absence  even  for  several  years  is  not 
necessarily  attended  with  arrest  of  the  other  characters  of  this 
period  of  life,  or  with  inaptness  for  sexual  union,  or  incapability 
of  impregnation.     The  average  time  of  its  first  appearance  in 
females  of  this  country  and  others  of  about  the  same  latitude,  is 
from  fourteen  to  fifteen ;  but  it  is  much  influenced  by  the  kind  of 
life  to  which  girls  are  subjected,  being  accelerated  by  habits  of 
luxury  and  indolence,  and  retarded  by  contrary  conditions.    On 
the  whole,  its  appearance  is  earlier  in  persons  dwelling  in  warm 
climes  than   in  those  inhabiting  colder  latitudes ;  though  the 
extensive  investigations  of  Mr.  Robertson  show  that  the  influence 
of  temperature  on  the  development  of  puberty  has  been  exagger- 
ated.    Much  of  the  influence  attributed  to  climate  appears  due 
to  the  custom  prevalent  in  many  hot  countries,  as  in  Hindostao, 
of  giving  girls  in  marriage  at  a  very  early  age,  and  inducing 
sexual  excitement  previous  to  the  proper  menstrual  time.    The 
menstrual  fimctions  continue  through  the  whole  fruitful  period 
of  a  woman's  life,  and  usually  cease  between  the  forty-fifth  and 
fiftieth  years. 

The  several  menstrual  periods  usually  occur  at  intervals  of  a 
lunar  month,  the  duration  of  each  being  from  three  to  six  days. 
In  some  women  the  intervals  are  as  short  as  three  weeks,  or 
even  less  ;  while  in  others  they  are  longer  than  a  montL  The 
periodical  return  is  usually  attended  by  pain  in  the  loins,  & 
sense  of  fatigue  in  the  lower  limbs,  and  other  symptoms,  which 
are  difierent  in  difierent  individuals.  Menstruation  does  not 
usually  occur  in  pregnant  women,  or  in  those  who  are  suckling; 
but  instances  of  its  occurrence  in  both  these  conditions  are  by  no 
means  rare. 

Corpus  Luteum. 

Immediately  before,  as  well  as  subsequent  to,  the  rupture  of  a 
Graafian  vesicle,  and  the  escape  of  its  ovum,  certain  changes  ensue 
in  the  interior  of  the  vesicle,  which  result  in  the  production  of  a 
yellowish  mass,  termed  a  coi-pus  luteum. 
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When  fully  formed  the  corpus  luteum  of  mammiferoufl  imiinalB 
is  a.  rouodish  solid  body,  of  a  yellowish  or  orange  colour,  and 
composed  of  a  number  of  lobulea,  which  surround,  sometimes  a 
email  cavity,  but  more  frequently  a  aniall  stellifonu  maas  of  white 
substance,  from  which  delicate  processes  paaa  aa  septa  between  the 
several  lobules.  Very  often,  in  the  cow  and  sheep,  there  is  no 
white  substance  in  the  centre  of  the  corpus  luteum ;  and  the 
lobules  projecting  from  the  opposite  walls  of  the  Graafian  vesicle 
Appear  in  a  sectiou  to  bo  separated  by  the  thinnest  possible  lamina 
of  semi-transparent  tissue. 

When  a  Graafian  vesicle  is  about  to  burst  and  eipel  the 
ovum,  it  becomes  highly  vascular  and  opaque  ;  and,  immediately 

■f'ff-  347.' 


4>efore  the  rupture  takes  place,  its  walls  appear  thickened  on 
the  interior  by  a  reddish  glutinous  or  fieshy-Iooking  substance. 
Immediately  after  the  rupture,  the  inner  layer  of  the  wall  of  the 
vesicle  appears  pulpy  and  flocculent.  It  is  thrown  into  wrinkles 
by  the  contraction  of  the  outer  layer,  and,  soon,  red  fleshy 
mammillary  processes  grow  from  it,  and  gradually  enlarge  till 
they  nearly  fill  the  vesicle,  and  even  protrude  fhjm  the  orifice  in 
the  external  covering  of  the  ovary.  Subsequently  this  orifice 
closes,  but  the  fleshy  growth  within  still  increases  diu'iug  the 
earlier  period   of  pregnancy,  the  colour  of  the  substance   gra- 

*  Fif[.  347.  Corpora  Intca  of  different  pcriocb.  s.  Corpus  Inteoiu  of  about 
the  sixth  week  alter  impregnation,  showing  its  plicated  form  it  that  period. 
I.  Substance  of  the  ovnrj.  2.  SuLalancc  of  the  corpus  luteum.  3.  A  greyish 
iwagulnm  in  ita  cavity  (Puterson).  A.  Corpus  luteuni  two  days  after  doUveiy. 
».  In  the  twelfth  week  after  deUvety  (Montgomery). 
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a;iiig  from  red  to  yollow,  and  its  consistence  lioeoming 

ua   luteum   of  the  human   female    (fig.  347)    differa 
of    the   domestic   quadruped   in  being   of    a    firmer 
1   having  m»re  frequently  a  persistent  cavity  at  its 
ill  the  atoUiforai  cicatrix,  which  remains  in  the  casea 
savity  ia  obliterated,  Iwing  proportionately  of  much 
The  quantity  of  yeUow  eubstauco  formed  ia  aUo 
aud,  although  the  deposit  increases  after  the  vesicle 

uto  the  cavity  of  the  vesicle,  and    ncTer  protrudes 
ificB,  as  is  the  case  in  other  Mammalia.     It  maintains 
er  of  a  uniform,  or  nearly  uniform,  layer,   which  is 
'  wrinkles,  in  consequence  of  the  contraction  of  the 
ic  of  the  voaiclo.     jUter  the  orifice  of  the  vesicle  has 
growth  of  the  yellow  subKtance  continues  during  the 
'  pregnancy,  till  the  cavity  is  reduced  to  a  comparK- 
size,  or  is  obliterated ;  in  the  latter  case,  merely  a 
Form  cicfttris  remains  in  the   centre   of  the    corpus 

jn  of  blood  gouerally  tjikes  place  into  the  cavity  of 
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nearly  the  whole  period  of  gestation  and  forms  the  large  corpus 
luteum  commonly  described  as  a  characteristic  mark  of  impreg- 
nation.  K  the  ovum  is  not  impregnated,  the  growth  of  yellow 
substance  on  the  internal  surface  of  the  vesicle  proceeds,  in  the 
human  ovary,  no  further  than  the  formation  of  a  thin  layer, 
which  shortly  disappears;  but  in  the  domestic  animals  it  con- 
tinues for  some  time  after  the  ovum  has  perished,  and  forms  a 
corpus  lutemn  of  considerable  size.  The  fact,  that  a  structure, 
in  its  essential  characters  similar  to,  though  smaller  than,  a 
corpus  luteum  observed  during  pregnancy,  is  formed  in  the 
human  subject,  independent  of  impregnation  or  of  sexual  union^ 
coupled  with  the  varieties  in  size  of  corpora  lutea  formed  during 
pregnancy,  necessarily  renders  unsafe  all  evidence  of  previous 
impregnation  founded  on  the  existence  of  a  corpus  luteiun  in  the 
ovary. 

The  following  table  by  Dalton,  expresses  well  the  differences 
between  the  corpus  luteum  of  the  pregnant  and  imimpregnated 
condition  respectively. 


At  the  end  of 

three  weeks 

One  month  . 


COBPUS  LUTEXTH  OF  MEN-   CORPUS  LUTEUM  OF  PBEO- 
STBUATION.  NANCY. 

Three-qaarters  of  an  inch  in  diameter ;  central  clot  reddish  ; 


Ttvo  months  . 


Six  months  . 


JHne  months. 


convoluted  wall  pale* 
Smaller ;      convoluted 
wall  bright  yellow  ; 
clot  still  reddish. 
Reduced  to  the  condi- 
tion of  an  insignifi- 
cant cicatrix. 
Absent 


Absent. 


Larger ;  convoluted  wall  bright 
yellow  ;  clot  still  reddish. 

Seven-eighths  of  an  inch  in  diame- 
ter ;  convoluted  wall  bright  yel- 
low ;  clot  perfectly  decolorised. 

Still  as  large  as  at  end  of  second 
month  ;  clot  fibrinous  ;  convo- 
luted wall  paler. 

One-half  an  inch  in  diameter; 
central  clot  converted  iuto  a 
radiating  cicatrix;  the  external 
wall  tolerably  thidc  and  convo> 
luted,  but  without  any  bright 
yellow  colour. 


IMFREQNATION  OF  THE  OVUM. 

Male  Sexual  Funotions. 

Testes. — ^The  fluid  of  the  male,  by  which  the  ovum  is  impreg- 
nated, consists  essentially  of  the  semen  secreted  by  the  tei&v:le«  i 
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3  added,  iis  neocsaary,  perhaps,  to  its  perfection, » 

fcretcd  by  tlie  vtiicuUe  stminak-t,  as  well  aa  the  secretion 
late  glaud,  and  of  Cowper's  glands.      Portions  of  these 
I   are,    probably,    nil    diaeliarged,   together  with  the 
jetioii  of  the  t^sticlea. 

liting  structure  of  the  testicle  and  its  duct  are  disposed 
ItiguouB  I'iirta,  (i)    the  body  of  the    testicle   enclosed 
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Bome  ctrcnlar  plain  muscular  fibres.  When  followed  back  to  its 
origin,  the  vaa  deferens  is  found  to  pass  to  the  lower  part  of  the 
tpididymis,  with  which  it  is  directly  continuous  (fig.  350),  and 
asaumea  there  a  much  smaller  diameter  with  an  exceedingly  tor- 
tuous course. 

The  epididymis,  which  is  lined,  except  at  its  lowest  part,  by 
columnar  ciHated  epithelium  (fig.  34S),  is  commonly  described  aa 

Fig-  349-* 


consisting  (fig.  350)  of  a  global  minor  (y),  the  body  («),  and  the 
fflobtu  major  (/),  When  -jnravelled,  it  is  found  to  be  constructed 
of  a  single  tube,  measuring  about  twenty  feet  in  length. 

At  the  globus  major  this  duct  divides  into  ten  or  twelve  small 
branches,  the  convolutions  of  which  form  coniform  masses,  named 
ami  voumIoH;  and  the  ducts  continued  from  these,  the  vom 
tffvrentia,  after  anastomosing,  one  with  another  in  what  is  called 
the  reU  testis,  lead  finally  as  the  tiAuli  recti  or  wwo  recta  to  the 
tubules  which  form  the  proper  substance  of  the  testicle,  wherein 
they  are  arranged  in  lobules,  closely  packed,  and  all  attached  to 

*  ^>B-  349'  ^  aecUon  of  dog's  U«ticls  highljr  lukgnified,  ahowing  three 
"tobnli  scmiaiferi,"  lined  and  largely  occnpied  b;  a  Bpberoidal  epithilinm, 
tlie  numerona  nnclei  of  which  are  well  seen  ;  c,  connective  tissue  iarrotmding 
and  snpporting  the  tnbnli ;  ip,  masseii  of  spermatozoa  occupTing  the  centre  of 
tnboli  :  the  email  block  bodies  scattered  aboat  are  the  heada  of  the  snenna- 
tozM  (Schofield). 
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,3  tissue  at  the  back  of  the  tcHtiele.  The  epithelium 
ivoNCulosi  and  vtksa  eflereutin  ia  colimuiar  and  ciliated; 
rcte  testis  m  eqimoioua. 
Be  of  Seminal  Tubes. — The  Bemiua)  tubes,  or  tubuH 
compnsf!  the  parencbjma  of  the  testicle,  are 
I  lobules  lictiveen  tbe  connective  tissue  septa, 
I  relatively  large,  very  wavy,  and  much  convoiuted; 
}  n  few  lateral  branches,  by  which  they  become 
network.     They  form  terminal  loops,  and  in  thfl 
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mother  cells,  and  the  smaller  cells  resulting  from  their  division 
are  called  daughter  cells  or  spermatoblasts.  From  these  the 
spermatozoa  are  formed.     During  their  development  they  lie  in 


\6 


groups,  but  when  fully  formed  they  become  detached  and  fill  the 
lumen  of  the  seminiferous  tubule  (fig.  349).t 

Spermatozoa. — On  ezamimng  the  spermatozoon  of  Triton  cristatus, 
one  of  the  Amphibia  which  possess  the  largest  of  all  Vertebrate  animals, 
Dr.  H.  Gibbes  found  that  the  organism  (fig.  352)  consisted  of  (a)  a  long 
pointed  head,  at  the  base  of  which  is  (d),  on  elliptical  structure  joining  the 
head  to  (c),  a  long  filiform  body ;  {d\  a  fine  filament,  much  longer  than 
the  body,  is  connected  with  this  latter  hy  (e),  a  homogeneous  membrane. 

The  head,  as  it  appears  in  the  fresh  specimen,  has  a  different  refractive 
power  from  that  of  Uie  rest  of  the  organism,  and  with  a  high  power  appears 
to  be  a  light  green  colour  ;  there  is  also  a  central  line  running  up  it,  from 
which  it  appears  to  be  hollow. 

The  elliptical  structure  at  the  base  of  the  head  connects  it  with  the  long 
thread-like  body,  and  the  filament  springs  from  it. 

Whilst  the  spermatozoon  is  living,  this  filament  is  in  constant  motion  ;  at 
first  this  is  so  quick  that  it  is  difficult  to  see  it,  but  as  its  vitality  becomes 
impaired  the  motion  gets  slower,  and  it  is  then  easily  perceived  to  be  a  con- 
tinuous waving  from  side  to  side. 

Dr.  Gibbes  found  that  he  could  stain  the  head  one  colour,  and  the  elliptical 


*  Fig.  351.  Spermatic  filaments  from  tho  human  vas  deferens  (from  Kol- 
liker).  i,  magnified  350  diameters ;  2,  magnified  800  diameters  ;  a,  from  the 
side  ;  &,  from  above. 

t  For  a  full  account  of  the  development  of  spermatozoa,  the  student  may 
be  referred  to  the  article  in  Klein  and  Noble  Smith's  '*  Atlas  of  UiatAV^r 
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body  and  ElamEnt  snother,  but  that  the  bend  alnar&  stainei 
Ihe  other  part. 

loioa  of  all  Mnramnlia  cinmineJ.  conflirting  of  Man.  Bull,  Ik^. 
ig,  House,  Rnt,  Guinea-pig,  had,  iostead  of  the  loDg-pointed 

/•    ■ 

J         Of 
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head  of  the  Amphibian,  a  blunt  thick  process  of  different  shapes  in  the 
different  animals  ;  and  from  the  root  or  neck  of  this  proceeded  the  long  fila- 
ment, just  as  in  the  Amphibia,  only  so  delicate  as  to  be  invisible  except  with 
Tery  high  powers. 

In  Man  the  head  (fig.  353)  is  club-shaped,  and  from  its  ba^  springs  the 
very  delicate  filament  which  is  three  or  four  times  as  long  as  the  body  ;  and 
the  membrane  which  attaches  it  to  the  body  is  much  broader,  and  allows  it 
to  lie  at  a  greater  distance  from  the  body  tlian  in  the  spermatozoa  of  any 
other  Mammal  examined. 

Sodium  chloride  dissolved  off  a  kind  of  gelatinous  envelope  which  covers, 
the  head,  giving  it  its  club-like  shape,  and  left  a  structure  very  similar  to  that 
found  in  the  Amphibian  spermatozoa. 

From  his  investigations,  Dr.  Gibbes  concludes  : — 

1st.  That  the  head  of  the  spermatozoon  is  enclosed  in  a  sheath,  which  is  a 
continuation  of  the  membrane  which  surrounds  the  filament  and  connects  it 
to  the  body,  acting  in  fact  the  part  of  a  mesentery. 

2ndly.  That  the  substance  of  the  head  is  quite  distinct  in  its  composition 
from  the  elliptical  structure,  the  filament  and  the  long  body,  and  that  it  is 
readily  acted  on  by  alkalies  ;  these  re-agents  have  no  effect,  however,  on  the 
other  part,  excepting  the  membranous  sheath. 

3rdly.  That  this  elliptical  structure  has  its  analogue  in  the  Mammalian 
spermatozoon  ;  in  the  one  case  the  head  is  drawn  out  as  a  long  pointed  pro- 
cess, in  the  other  it  is  of  a  globular  form,  and  surrounds  the  elliptical 
structure. 

4thly.  That  the  motive  power  lies,  in  a  great  measure,  in  the  filament  and 
the  membrane  attaching  it  to  the  body. 

The  occurrence  of  spermatozoa  in  the  impregnating  fluid  of 
nearly  all  classes  of  animals,  proves  that  they  are  essential  to  the 
process  of  impregnation,  and  their  actual  contact  with  the  ovum 
is  necessary  for  its  development ;  but  concerning  the  manner  of 
their  action  nothing  is  known. 

The  seminal  fluid  is,  probably,  after  the  period  of  puberty, 
secreted  constantly,  though,  except  under  excitement,  very  slowly, 
in  .the  tubules  of  the  testicles.  From  these  it  passes  along  the 
vasa  deferentia  into  the  vesiculse  seminales,  whence,  if  not  ex- 
pelled in  emission,  it  may  be  discharged,  as  slowly  as  it  enters 
them,  either  with  the  urine,  which  may  remove  minute  quantities, 
mingled  with  the  mucus  of  the  bladder  and  the  secretion  of  the 
prostate,  or  from  the  urethra  in  the  act  of  dofsccation. 

VesicmlflB  Seminales. — The  vesictdas  seminales  (fig.  354)  have 
the  appearance  of  outgrowths  from  the  vasa  deferentia.  Each 
vas  deferens,  just  before  it  enters  the  prostate  gland,  through  part 
of  which  it  passes  to  terminate  in  the  urethra,  gives  off  a  side- 
branch,  which  bends  back  from  it  at  an  acute  angle  ;  and  thin 
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former  is  their  most  constant  and  probably  most  important  office ; 
for  in  the  horse,  bear,  guinea-pig,  and  seveiul  other  animals,  in 
whom  the  vesiculee  seminales  are  lai^e  and  of  apparently  active 
function,  they  do  not  communicate  with  the  vasa  deferentia,  but 
pour  their  secretions,  separately,  though  it  may  be  simultaneously, 
into  tlie  urethra.  In  man,  also,  when  one  testicle  is  lost,  the 
corresponding  vesicula  seminalis  suffers  no  atrophy,  though  its 
function  as  a  reservoir  is  abrogated.  But  how  the  vesiculse 
seminales  act  as  secreting  organs  is  unknown ;  the  peculiar 
brownish  fluid  wliich  they  contain  after  death  does  not  properly 
represent  their  secretion,  for  it  is  different  in  appearance  from 
anything  discharged  during  life,  and  is  mixed  with  semen.  It 
is  nearly  certain,  however,  that  their  secretion  contributes  to  the 
proper  composition  of  the  impregnating  fluid ;  for  in  all  the 
animals  in  whom  they  exist,  and  in  whom  the  generative  func- 
tions are  exercised  at  only  one  season  of  the  year,  the  vesiculse 
seminales,  whether  they  commimicate  with  tlie  vasa  deferentia  or 
not,  enlarge  commensurately  with  the  testicles  at  the  approach  of 
that  season. 

That  the  vesicul©  are  also  reservoirs  in  which  the  seminal 
fluid  may  lie  for  a  time  previous  to  its  discharge,  is  shown  by 
their  commonly  containing  the  seminal  filaments  in  larger  abun- 
dance than  any  portion  of  the  seminal  ducts  themselves  do.  The 
fluid-like  mucus,  also,  which  is  often  discharged  from  the  vesi- 
culse in  straining  during  defaecation,  commonly  contains  seminal 
filaments.  But  no  reason  can  be  given  why  this  office  of  the 
vesiculfiB  should  not  be  equally  necessary  to  all  the  animals  whose 
testicles  are  organised  like  those  of  man,  or  why  in  many  animals 
the  vesiculae  are  wholly  absent. 

There  is  an  equally  complete  want  of  information  respecting 
the  secretions  of  the  prostate  and  Cowper's  glands,  their  nature 
and  purposes.  That  they  contribute  to  the  right  composition  of 
the  impregnating  fluid,  is  .shown  both  by  the  position  of  the 
glands  and  by  their  enlarging  with  the  testicles  at  the  approach 
of  an  animal's  breeding  time.  But  that  they  contribute  only  a 
subordinate  part  is  shown  by  the  fact,  that,  when  the  testicles  are 
lost,  though  these  other  organs  be  perfect,  all  procreative  power 
ceases. 
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The  Semen. 

jlod  aecretioiiB  of  nil  the  organs  juat  described,  fonu 
flrhich  in  a.  thick  whitish  fluid  composetl  of  n  liywfr 
tpermatosoa,  with  detoched  epithelial  cells.      The  fluid 
)t  beew  antiafiwtorily  analysed  ;  but  Henle  sajB  it  con- 
,  becuuso  shortly  after  beiiig  diachargedi  flocculi  fonu 
jutaneoHB  coagulation,  and  leave  the  rcat  of  it  thiuner 
quid,  80  that  the  filfimeuts  move  in  it  more  actively, 
haa  shown  what  it  is  tJiat  m.ikeB  this   fluid  with  its 
capable  of  impregnating  the  ovum,   or  (what  is  yet 
rkable)  of  giving  to  tlic  developing  offspring  all  the 
iu  fcaturca,   ahe,  meutal  diap^isitiou,  and  liubility  to 
ich  belong  to  the  father.     Thia  ia  a  fact  wholly  inei- 
nd  is,  pcrhapa,  only  eicccded  iu  Btraugenesa   bj  those 
ahow  that  the  seminal  fluid  may  ciert  such  an  influ- 
uly  on  the  ovum  ivbicb  it  impregnatca,  but,  through 
1  of  the  mother,  on  many  which  are  subsequently  im- 
ly  the  Bcmiual  fluid  of  another  male. 

1  often  ob»erce(l  that  a  n'cll-brcd  bitch,  il  she  have  been  cmce 
by  a  monBrel  tlog,  n-ili  not  bear  thorough-bred  puppies  in  the 
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turn  foaled  to  a  horse,  her  yoang  bore  the  distinct  marks  along  the  Isack  and 
withers,  and  rings  round  the  lower  parts  of  the  legs,  which  are  the  pecu- 
liarity of  the  ass  and  the  mule.    Three  foals  she  has  had  are  all  so  marked. 


Development. 
Changes  in  the  Ovum  up  to  formation  of  the  Blastoderm. 

The  earlier  stages  in  development  are  so  fundamentally  similar 
in  all  vertebrate  animals,  from  Fishes  up  to  Man,  that  the  gaps 
existi^  in  our  knowledge  of  the  process  in  the  higher  Mammalia, 
such  as  man,  may  be  in  part,  at  any  rate,  filled  up  by  the  more 
accurate  knowledge  which  we  possess  of  the  development  of  the 
ovum  in  such  animals  as  the  trout,  frog,  and  fowl. 

Before  proceeding  to  describe  these  early  stages,  it  will  be  necessary  to 
point  out  one  important  distinction  between  the  ova  of  various  Vertebrata. 
In  the  hen's  egg,  besides  the  shell  and  the  white  or  albumen,  two  other 
structures  are  to  be  distinguished — the  gcrm^  often  called  the  cicatricula  or 

tread,*'  and  the  yelk  enclosed  in  its  vitelline  membrane. 

The  germ  is  essentially  a  cell,  consisting  of  protoplasm  enclosing  a  nucleus 
and  nucleolus.  It  alone  participates  in  the  process  of  segmentation  (to  be 
immediately  described),  the  great  mass  of  the  yelk  (food-yelk)  remaining 
quite  unaffected  by  it.  Since  only  the  germ,  which  forms  but  a  small  por- 
tion of  the  yelk,  undergoes  segmentation,  the  ovum  is  called  merohlaMic, 

In  the  Mammalia,  on  the  other  hand,  there  is  no  large  unscgmented  mass 
corresponding  to  the  food-yelk  of  birds  ;  the  entire  ovum  undergoes  segmen- 
tation, and  is  hence  termed  holohlattie. 

The  eggs  of  Fishes,  Reptiles,  and  Birds,  are  meroblastic,  while  those  of 
Amphibia  and  Mammalia  are  holoblastic. 


*i 


Of  the  changes  which  the  mammalian  ovum  undergoes  previous 
to  the  formation  of  the  embryo,  some  occur  while  it  is  still  in 
the  ovary,  and  are  apparently  independent  of  impregnation  : 
others  take  place  after  it  has  reached  the  Fallopian  tube.  The 
knowledge  we  possess  of  these  changes  is  derived  almost  exclu- 
sively from  observations  on  the  ova  of  the  bitch  and  rabbit :  but 
it  may  be  inferred  that  analogous  changes  ensue  in  the  human 
ovum. 

Bischoff  describes  the  yelk  of  an  ovarian  ovum  soon  after  coitus 
as  being  imchanged  in  its  characters,  with  the  single  exception  of 
being  fuller  and  more  dense  ;  it  is  still  graimlar,  as  before,  and 
does  not  possess  any  of  the  cells  subsequently  found  in  it  The 
germinal  vesicle  always  disappears,  sometimes  before  the  ovum 
leaves  the  ovary,  at  other  times  not  until  it  has  entered  the  Fallo- 
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I  liiit  iiIvrayB  before  the  commcticoiucut  of  the  metaiDor 

vum  iipproiichoB  the  middle  of  the  Fallopian  tube,  it 
begiuB  to  receive  a  new  investment,  con- 
siatiiig  of  a  layer  of  tnuisparcnt  albo- 
minoiis  or  glutinous  substance,  vhieh 
forma  upon  the  exterior  of  the  zona  pel- 
lucida.  It  ia  at  firet  exceedingly  fine,  and, 
owing  to  this,  ftnd  to  its  transptreocy, 
ia  not  cosily  recognised  :  Imt  at  the  Iowbt 
l>nrt  of  tbc  Fallopian  tube  it  acquires  con- 
Hidcmble  thickncHs. 

Segmentation- — Tho  first  Ttsible  re- 
niilt  of  fertilisation  ia  a  alight  omcehoid 
uuivoinent  in  tho  protoplasm  of  the 
ovum  :  this  has  been  observed  in  some 
lisb,  in  the  frog,  and  in  some  manuuals. 
linmedintely  aucceeding  to  this  tho  prwesa 
f  sej/mfiilatlon  commences,  and  is  com- 
letcd  during  tho  passage  of  the  ovum 
L  tube. 
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The  cause  of  this  singular  subdivision  of  the  yelk  is  quite 
obscure :  though  the  immediate  agent  in  its  production  seems  to 
be  the  central  vesicle  contained  in  each  division  of  the  yelk. 
Originally  there  was  probably  but  one  vesicle,  situated  in  the 
centre  of  the  entire  granular  mass  of  the  yelk,  and  probably 
derived  from  the  germinal  vesicle.  This  divides  and  subdivides  : 
each  successive  division  and  subdivision  of  the  vesicle  being 
accompanied  by  a  corresponding  division  of  the  yelk. 

About  the  time  at  which  the  Mammalian  ovum  reaches  the 
uterus,  the  process  of  division  and  subdivision  of  the  yelk  ap- 
pears to  have  ceased,  its  substance  having  been  resolved  into  its 
idtimate  and  smallest  divisions,  while  its  surface  presents  a 
uniform  finely-granular  aspect,  instead  of  its  late  mulberry-like 
appearance.  The  ovum,  indeed,  appears  at  first  sight  to  have 
lost  all  trace  of  the  cleaving  process,  and,  with  the  exception  of 
being  paler  and  more  translucent,  almost  exactly  resembles  the 
ovarian  ovum,  its  yelk  consisting  apparently  of  a  confused  mass 
of  finely  granular  substance.  But  on  a  more  careful  examination, 
it  is  found  that  these  granules  are  aggregated  into  numerous 
minute  spheroidal  masses,  each  of  which  contains  a  clear  vesicle 
or  nucleus  in  its  centre,  and  is,  in  fact,  an  "  embryonal  cell**  The 
zona  peUucida,  and  the  layer  of  albuminous  matter  surrounding  it» 
have  at  this  time  the  same  character  as  when  at  the  lower  part  of 
the  Fallopian  tube. 

The  passage  of  the  ovum,  from  the  ovary  to  the  uterus,  occu- 
pies probably  eight  or  ten  days  in  the  human  female. 

When  the  peripheral  cells,  which  are  formed  first,  are  fully 
developed,  they  arrange  themselves  at  the  surface  of  the  yelk  into 
a  kind  of  membrane,  and  at  the  same  time  assume  a  polyhedral 
shape  from  mutual  pressure,  so  as  to  resemble  pavement  epithe- 
lium. The  deeper  cells  of  the  interior  pass  gradually  to  the 
surface  and  accumulate  there,  thus  increasing  the  thickness  of  the 
membrane  already  formed  by  the  more  superficial  layer  of  cells 
while  the  central  part  of  the  yelk  remains  filled  only  with  a  clear 
fluid.  By  this  means  the  yelk  is  shortly  converted  into  a  kind  of 
secondary  vesicle,  the  walls  of  which  are  composed  externally  of 
the  original  vitelline  membrane,  and  within  by  the  newly  formed 
cellular  layer,  the  blastodermic  or  germinal  membrane,  as  it  is 
called. 
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of  tlifl  Blaatodarm.— Before  loug  the   blastoderm  i> 

L-onsist  of  three  fiiiulamcuttil  layers,  rpiblaU,  wofAlad, 

:  ill  which  thcea  are  formed  may  be  readily  studied  in 
;.     Ill  a  fretihly  Inid  hen's  egg,  before    tticubntiou  hu 

Fig.  356  • 

i,  the  hlaatoderm  is  found  to  conaist   of  two  layera, 

fir  cella,  while  the  lower  atratiiai  conaiuta  of  larger  cell* 
arranged, 
the    blastodorm   are   a   few  scattered    Inrgor   cells— 

'•''J-  357-t 
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moTement  rotind  the  edge  of  the  hjrpoblaat,  (fig.  357,  M),  consti* 
tute  a  third  layer  (mesoblast). 

These  important  changes  ore  among  the  earliest  reeidts  of 
incubation. 

From  the  epiblatt  are  nltiuMtely  developed  the  epidetiniB  and  ite  variooB 
appendages,  also  the  cerebro-apinal  ni^rre  ceiitrf4,the  sensorial epithelinm  of 
the  organs  of  special  sense  (eye,  ear,  nose),  and  the  epithelium  of  the  mouth 
and  islivary  p;lande. 

From  the  hypehlait  is  developed  the  epithelium  of  the  whole  digestive 
canal  together  with  that  lining  the  ducts  of  all  the  glands  which  open  into 
it ;  also  the  glandular  parenchyma  of  the  glands  [i'jj.,  liver  and  pancieas) 
connected  with  it,  and  the  epithelinro  of  the  respiratory  tract. 

From  the  metoblait  arc  derived  all  the  tissues  and  organs  of  the  body 
hitervening  between  these  two,  the  whole  group  of  the  connective  UssaeB, 
the  muscles  and  the  cerebro-spinal  and  sympathetic  nrrcce,  with  the  vaaenlar 
and  genito-urinajy  systems,  and  all  the  digestive  canal  with  ita  variona 
appendages  with  the  exception  of  the  lining  epithcliom  above  mentioned, 

First  rudiments  of  the  Embryo  and  its  chief  organs. 

Oflrminal  area. — The  position  in  which  the  embryo  is  about 
to  appear  is  early  marked  out  by  a  central  roundish  opacity  in 
the  blastoderm,  due  to  the  accumulation  of  cells  in  this  region. 

Fig.  3S8.* 


Tliis  germinal  area,  which  la  at  first  circular,  changes  its  shape, 
becoming  pyriform,  and  finally  an  elongated  oval  constricted  in 
the  middle  like  a  sa^oy  biscuit. 


*  Fig.  358.  Impregnatedegg,  withcommanpemeiitorformalionof  embryo; 
showing  the  area  germinaCiva  or  embryonic  8]>at,  the  area  pellucida,  and  the 
primitive  groove  or  trace  (Dalton). 


LAHINiE:   DO&SALES. 


tive  c«rebn>-8pmal  axis.  Orer  tUs  dosed  tube,  the  vails  of 
vhich.  consiBt  of  more  or  leas  cyliiidrical  cells,  the  superGclal 
la;er  of  the  epiblaat  ia  now  continued  as  a  distinct  membrane. 

The  union  of  the  medollai^  folds  or  lomion  dorsolei  takes  place  firat  about 
the  neck  of  the  future  embryo  ;  they  Boon  after  unite  over  the  region  of  the 
head,  while  the  cloBiog  in  of  the  groove  progresses  much  more  slowly  to- 
wards the  hinder  extremity  of  the  embryo.  The  medullaiy  groove  is  by  no 
means  of  nnifoTm  diameter  throughout,  but  even  before  the  dorsal  luninie 
have  ouited  over  it,  is  eeen  to  be  dilated  at  the  anterior  extremity  and 
obscurely  divided  by  constrictions  into  tie  three  primary  vesicle*  ot  th 

The  part  from  which  the  spinal  cord  is  formed  is  of  nearly  uniform 
calibre,  while  towards  the  posterior  extremity  1b  a  lozenge- shaped  dilatation, 
which  iB  the  last  part  to  close  in  (Gg.  361). 


•  Fig.  361.  Portion  of  the  germinal  membrane,  with  nidimenta  of  the 
embryo  ;  from  the  ovum  ot  a  bitch.  Tho  primitivo  groove,  A,  is  not  yet 
closed,  and  at  its  upjier  or  cephalic  end  preseuts  three  dilatations  B,  vhich 
correapoiid  to  the  three  divisions  or  vesicles  of  the  brain.  At  its  lower  ex- 
tremity the  groove  presents  a  lancet-shaped  dilatation  (sinus  rhomboidalis)  c. 
The  maifiins  of  the  groovi!  consist  of  clear  pellucid  nerve-substance.  Along 
the  bottom  of  the  groove  is  observed  a  faint  strcaV,  nhici)  ia  probably  tho 
cborda  doiaalia,     n.  Vertebral  plates  (fiischoff ). 

1^1 
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dortalit)  (eh,  &g.  363)  vhioh  extends  nearly  the  whole  length  of 
the  medullary  canal,  terminating  anteriorly  beneath  the  middle 
one  of  the  three  cerebral  Teaicles,  and  occupies  the  future  position 
of  the  bodiei  of  the  vertebrio  and  basis  cranii. 

FrotoTertebrse. — Simultaneously  on  each  side  of  the  noto- 
chord  appears  a  longitudinal  thickening  of  the  mesoblast. 

Thus  we  have  two  lateral  plates  which  when  viewed  from  above 
are  seen  to  be  divided  into  a  number  of  squarish  segments  (pro- 
toveriebra)  by  the  formation  of  transverse  clefts.  The  first  three 
or  four  of  these  protovertebrie  make  their  appearance  in  the  cer- 
vical region,  while  one  or  two  more  are  formed  in  &oat  of  this 
point :  and  the  aeries  is  continued  backward  till  the  whole  medul- 
lary canal  is  flanked  by  them  (fig.  362). 

Splitting  of  the  Uesoblast. — External  to  the  protovertebne, 
the  mesoblast  now  splits  into  two  laminto  {parietal  and  vitctml) : 
of  these  the  former,  when  traced  out  from  the  central  ikxia,  is  seen 
Fig.  363." 


to  be  in  close  apposition  with  the  epiblast  and  gives  origin  to 
the  parietes  of  the  trunk,  while  the  latter  adheres  more  or  less 
closely  to  the  hypoblast,  and  gives  rise  to  the  serous  and  muscu- 
lar   walla    of  the    alimentary   canal    and    several    other    parts 

(fig-  363)- 

•  Fig.  363.  TranBversB  aection  throngh  dorsal  region  of  enibiyo  chick  (45 
liTS.).  One  half  of  the  uction  ia  nprcaented  :  if  completed  it  would  extead 
M  fcr  to  the  left  oa  to  the  right  of  the  line  of  the  mednllary  canal  (Jfe). 
A,  epiblast ;  C,  hjpobUat,  consisting  of  a  single  layer  of  flattened  cells  ;  Me, 
mednllary  cansd  ;  Pv,  protovert«hra  ;  Wd,  Wolffian  duct ;  So,  somatoplenre  ; 
Sp,  ■planchuopleoie ;  pp,  plenro-peritoneal  cavity ;  ch,  Dotochord  ;  no,  dorsal 
aorta,  containing  blood  cella ;  v,  blood-vessels  of  the  jolk-sac  (Foster  and 
Baltbur). 
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fd  jxtriftal  Inyer  of  the  mcaoblaBt  with   the  epiblast  is 
latopleiirf,    the   united    vUceral    lajer    and    hypoblast, 
ture.     The  spnce  between  them  is  the  pleuro-peritoBeal 
;h  liecoiaca  subdivided  by  siibaequont  partitJonH  iutu 
1,  pleura,  luid  ]>eritoneum. 

Id  Tail  Polda.     Body   Cavity. — Every    vertcbraw 
iistg  essentiftUy  of  a  longitudinal  axis  (vertebral  coluum) 
■al  canal  Jibove   it,  nud  a  body-cavity  (coutaining  the 
cftnal)  heucftth. 

seen  how  the  earliest  ntdiniorts  of  the   central  aii* 
lural  canal  arc  fonticd  ;    wc  must  now  consider  how 

bndy-cavity  is  dcvetoped     In  the  earlicBt  stages  the 
B  flat  on  the  surface  of  the  yelk,  and  is  not  cleariy 
■  from  the  rest   of  tlio  blaBtoderm  :    but  graduaUy  a 
ieprcSBion  (with  its  ooneavity  Imckwarde)  is   formed  in 
erm,  limiting  the  head  of  the  embryo  ;  the  blastodcm 
ere,  tucked  in  under  the  head,  which  thus  comes  lo 

Pin.  364- • 
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completely  Burrounded  by  a  sort  of  moat  which  it  oTeiiiacgs  on 
all  Bides,  and  which  clearly  defines  it  ii-om  the  yelk. 

This  moat  nina  in  further  and  further  all  round  beneath  the 
overhanging  embiyo,  till  the  latter  cornea  to  resemble  a  canoe 
turned   upside^own,  the  ends  and  middle  being,   as  it  were. 


decked  in  by  the  folding  or  tucking  in  of  the  blastoderm,  while 
on  the  ventral  sur&ce  there  is  still  a  liu^  communication  with 

*  Fig.  365.  Diagrammatic  iection  ghowiag  the  relation  in  a  mammal 
letwaen  Ihe  primitive  ulimenUry  ouial  and  the  membranes  of  the  ovnu. 
Tlie  stage  represented  in  this  diagram  corresjHiuda  to  that  of  the  lilteenth  or 
aeventcenth  day  in  the  human  (mbiyo,  previous  to  the  expansion  of  the 
allantoia  :  c,  the  vilJons  chorion  ;  a,  the  amnion  ;  a',  the  place  of  convergence 
of  the  amnion  and  lefleiion  of  the  false  amnion  n"  a',  or  outer  or  conteons 
layer ;  t,  the  head  and  tmnk  of  the  embryo,  comprising  the  primitive  vertobne 
and  ccrebro-ipinal  axia ;  1,  i,  the  simple  alimfntaiy  canal  in  its  upper  and 
lower  portions.  Immediately  beneath  the  right  hand  i  is  wen  the  fietal 
heart,  lying  in  the  anterior  put  of  the  pleuro-peritooeal  cavity  ;  v,  the  yolk- 
sac,  or  umbilical  veaicle ;  r  t,  the  vitello-intestinnt  opening ;  <(,  the  aJlanteis 
connected  by  a  pedicle  with  the  anal  portion  of  the  alimentary  canal  (fhim 
Qoain'a  "  Anatomy  "}. 
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corrcapoudrng  to  the  "  well "  or  undetked  portioa  of 

imiiuication  Iwtwcen  the  ombryo  and    tho  yelk  is  gra- 
tnicted  liy  tho  further  tucking  in  of  the    blastodenn 
ies,  till  it  becomes  narrowed  down,  rva  hy  an  inviaihle 
;  biind,  to  a  mere  podicle  which  passes  out  of  the  body 
ryo  at  the  point  of  the  future  umbilicus. 
1  Platea.— The  downwardly  folded  portioua    of  blaato- 
irmed  the  visceral  platei. 

see  that  the  body-cavity  is  formed  by  the  downward 
the  visceral  platen,  just  as  the  neural    cavity   is  pro- 
10  upward  growth  of  the  dorsal  lanoinoe,  the   diSer«iic« 
in  the  visceral  or  ventnil  lamhue,  all  three    layers  rf" 
;rm  are  coiicomed, 

ing    in    of  the    splauohnopleure,  lined   by  hypohlaat, 
as  it  were,  a  portion  of  the  yelk-aac,  enclosing  it  in 
ivity.      This  forma  the  rudiment    of   the  alimentary 
1  at  this  ]«riod  ends  bliuilly  towards  the  head  and  tail, 
!  centre  it  communicates  freely  with  the  cavity  of  the 
rough  the  canal  termed  vitelline  or  omphato-mesenUric 
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The  body  of  the  embryo  becomes  in  great  measure  detached 
from  the  yelk-sac  or  ambUical  vesicle,  which  ccntains,  boirevsr, 
the  greater  part  of  the  substance  of  the  yelk,  and  fbmishes  a 


source  whence  nutriment  is  derived  for  the  embryo.    This  nutri-  ' 
ment  is  absorbed  by  the  numerous  vesaols  (omphalo-mesenterio) 
which  ramify  in  the  walla  of  the  yelk-aac,  forming  what  in  birds 


i 


*  Fig.  366.  DingramB,  Hhoiriiig  three  succeasive  etogea  of  development. 
Tmurerte  vertical  sections.  The  ^relk-snc,  y*,  is  seen  progreaaivoly  dimi- 
□isbiug  in  size.  In  tlie  embiya  itself  the  meduUniy  canal  and  notochord  are 
seen  in  section,  a',  in  middle  ligure,  the  alimentary  ciuial,  becoming  pinched 
off,  as  it  nere,  from  the  yelk-sai^ ;  a',  in  right  hand  figure,  alimentary  canal 
completely  closed  ;  a,  in  lost  two  figures,  amnion  ;  or,  cavity  o(  amnioD  fiUod 
with  amniotic  fluid  ;  pji,  space  betneen  amnion  and  chorion,  continuous  irith 
the  pteoro-peritoneal  cavity  inside  the  body  ;  ti(,  vitelline  membrane ;  ys,  yelk- 
aac,  or  umbilical  vesicle  {Foster  and  Balfour). 

■f  Fig.  367.  Diagram  showing  vascular  aiea  in  the  chick,  a,  area  peltu- 
cida  ;  b,  area  vaaculosn  ;  t,  area  vitellina. 

;  Fig.  368.  Human  embryo  of  fifth  week  with  umbilical  vesicle  ;  about 
natural  size  (Dalton).  The  human  umbilical  vesicle  never  clccetla  the  i&z«  of 
a  ainall  pea. 
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is  termed  the  area  vafcidom.  In  Birds,  the  contents  of  the  yelk- 
sac  afford  nourishment  until  the  end  of  incubation,  and  the 
omphalo-mescnteric  vessels  are  developed  to  a  corresponding 
degree  ;  but  in  Mammalia  the  office  of  the  umbilical  vesicle 
ceases  at  a  very  early  period,  the  quantity  of  the  yelk  is  small,  and 
the  embryo  soon  becomes  independent  of  it  by  the  connections  it 
forms  with  the  parent.  Moreover,  in  Birds,  as  the  sac  is 
emptied,  it  is  gradually  drawn  into  the  abdomen  through  the 
umbilical  opening,  which  then  closes  over  it :  but  in  Mammalia 
it  always  remains  on  the  outside;  and  as  it  is  emptied 
it  contracts  (fig.  368),  shrivels  up,  and  together  with  the 
part  of  its  duct  external  to  the  abdomen,  is  detached  and  dis- 
appears either  before  or  at  the  termination  of  intra-uterine 
life,  the  period  of  its  disappearance  varying  in  different  orders  of 
Mammalia. 

When  blood-vessels  l)egin  to  be  developed,  they  ramify  largely 
over  the  walls  of  the  umbilical  vesicle,  and  are  actively  concerned 
in  absorbing  its  contents  and  conveying  them  away  for  the 
nutrition  of  the  cmbrj'o. 

The  Amnion  and  Allantois. — At  an  early  stage  of  develop- 
ment of  the  foatus,  and  some  time  before  the  completion  of  the 
chauges  which  have  been  just  described,  two  important  structures, 
called  respectively  the  amnion  and  the  allantoic,  begin  to  be 
formed. 

Ananion. — ^The  amnion  is  produced  as  follows : — Beyond  the 
head-  and  tail-folds  before  described  (p.  742),  the  somatopleure, 
coated  by  epiblast,  is  raised  into  folds,  which  grow  up,  arching 
over  the  embryo,  not  only  anteriorly  and  posteriorly  but  also 
laterally,  and  all  converging  towards  one  point  over  its  dorsal 
surface  {^g.  366).  The  growing  up  of  these  folds  from  all  sides 
and  their  convergence  towards  one  point  very  closely  resembles 
the  folding  inwards  of  the  visceral  plates  already  described,  and 
hence,  by  some,  the  point  at  which  the  amniotic  folds  meet  OTcr 
the  back  has  been  termed  the  "  amniotic  lunbilicus." 

The  folds  not  only  come  into  contact  but  coalesce.  The  inner 
of  the  two  layers  forms  the  true  amnioji,  while  the  outer  or 
reflected  layer,  sometimes  termed  the  false  amnion,  coalesces  with 
the  inner  surface  of  the  original  vitelline  membrane  to  form  the 
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e/iorioa.  This  growth  of  tho  amniotic  folds  must  of  course  be 
clearly  distinguiBbod  from  the  very  similar  process,  already 
described,  hy  which  the  walls  of  the  neural  canal  ore  formed  at 
a  much  earlier  stage. 

Amniotio  CftTlty. — Tho  cavity  between  the  true  anmion  and 
the  external  surface  of  the  embryo  becomes  a  closed  space,  termed 
tho  amniofie  cavity  {ac,  fig.  366). 

At  first,  the  amnion  closely  invests  the  embryo,  but  it  becomes 
gradually  distended  with  fluid  (liquor  amnii),  which,  as  preg- 
nancy advances,  reaches  a  considerable  quantity. 

Tbii  Quid  consista  of  water  containing  Hmall  quantities  of  albumen  and 
urea.  Ita  cliief  function  dnring  gestation  appears  to  be  the  mechanical  one 
of  affording  eijoal  support  to  Qie  embryo  on  all  sides,  and  of  protecting  it  aa 
far  as  possible  from  the  effects  of  blows  and  other  injuries  to  the  abdomen, 
of  the  mother. 

The  embryo  up  to  the  end  of  pregnancy  is  thos  immereed  in  fluid,  which 
daring  par^mtjon  serves  the  important  purpose  of  gradually  and  evenly 
dilating  the  neck  of  the  ntcnis  to  allow  of  the  passage  of.  the  fostns  :  when 
this  is  accomplJ«bcd  the  amniotic  sac  bursts  and  the  "  waters  "  escape. 


FI3.  369.* 


On  referring  to  tho  diagrams  (fig,  366),  it  will  be  obvious  that 
the  cavity  outside  the  amnion  (between  it  and  the  false  amnion) 
is  continuous  with  the  pleuro-peritoneal  cavity  at  the  umbilicus. 


*  ^S-  3^-  Diagram  of  fecundated  egg.  a,  urabilicat  vesicle ;  b,  amniotio 
cavity  ;  e,  allantois  (Dalton). 

t  ^ig,  370.  FccuiiJated  egg  with  allantois  nrarly  complete,  a,  inner 
layer  of  amniotic  fold  ;  *,  outer  layer  of  ditto ;  c,  point  where  the  amniotie 
folds  come  in  contact.  The  allantois  }lf  seen  penetrating  between  the  outer 
and  inner  Icyers  of  the  amniotic  folds.  Tliis  tignre,  which  represents  only 
the  amniotic  folds  nud  the  parts  within  lliem,  should  be  compared  with 
fig*.  3661  371.  in  which  will  be  found  the  struetures  external  to  these  folds 
(Dalton). 
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1  eiitircly  obliterated  even  at  birtb,  and  contsuis 
Intitj  of  fluid  ("  false  waters "),  which  ia  dlsctuu^ed 
Itiritiou    either  before,  or  ut  the    same    time   as   the 


I. — Into  the  pleuro-peritoncal  space  the  allantois  sprouts 
■tion  commencing  during  the  developmeutof  theamoion. 
But  from  or  near  the  hinder  portion  of  the  iutestinal 
J  369),  with  which  it  communicnteB,  the  allantois  is  at 
Ipear-ahaped  masa  of  splanchnoplcure  ;  hut  becomiog 
\  the  projection  into  it  of  a  hollow  out-gnawth  of 
Bid  very  soon  simply  membraiiona  and  vascular,  it  in- 
■If  bctwteu  the  amniotic  folds,  just  described,  and 
Iclose  contact  and  union  with  the  outer  of  the  two 
I  has  itaelf,  as  before  said,  become  ono  with  the  «i- 
nibnine  of  the  egg.  Aa  it  grows,  the  allantois 
(uacukr  tissue  iu  its  external  wall  and  becomes  ex- 
liscular;  in  binla  (fig.  370)  it  envelopes  the  vhole 
iTBsels,  so  to  speak,  to  the  outer  investing 
J,  and  lining  the  inner  surface  of  the  shell 
r  membrane,  hy  these  means  affording  au  extensira 
e  blood  may  be  aerated.     In  the  humau  e 
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It  must  not  be  supposed  that  the  phenomenft  which  have  been 
successively   described,   occiir    in    any   regular  order   one   after 
Fig.  371.*  /■<>-  172." 


another.     On  the  contrary,  the  dovclopmeut  of  one  part  is  going 
on  side  by  side  with  that  of  another. 

The  Cborion. 

It  has'been  already  remarked  that  the  atlaiilou  is  a  stracturo 
which    extends    from   the   liody   of  the 
fcetus  to  the  outer  investing  membrane  ^^  373 

of  the  oTum,  that  it  insinuates  itself 
between  the  two  layers  of  the  amniotic 
fold,  and  becomes  fused  with  the  outer 
layer,  which  has  itself  become  previ 
ously  fused  with  the  vitelline  membrane. 
By  these  means  the  external  investing 
membrane  of  the  ovum,  or  the  cAoi  inn, 
aa  it  is  now  called,  represents  three 
layers,  namely,  the  original  vitellme 
membrane,  the  outer  layer  of  the  amni- 
otic fold,  and  the  allantois. 

Very  soon  after  the  entrance  of  the 
ovum  into  the  uterus,  in  the  human  subject,  the  outer  surface  of 

•  Figs.  371  and  372  (after  Todd  and  Bowman),  o,  chorion  with  vilh.  The 
viUi  are  shown  to  bo  best  develojied  in  tlie  part  of  tho  chorion  to  which  the 
alluitoia  is  eitcnding  ;  this  portion  ultimate!;  becomes  tho  placi^nta ;  b,  space 
between  the  two  layers  of  the  amnion ;  c,  amniotic  cavity  ;  d,  situation  of  the 
intutine,  ihowing  ita  connection  with  the  umbilical  vi'siclfl  ;  e,  onibilical 
vesicle  ;  /,  situation  of  heart  and  ve5>^lB  ;  g,  allantois. 
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1  is  fouud  Ijoset  with  fine  i>roce8ae8,  the  ao-called  rilli  of 
{",  fiya-  371.  372),  which  yivo  it  a  rough  and  shagi.^ 
.  At  first  uulycoUular  iuatructure,  these  little  outgmivtlii 
Ij  become  vascular  by  the  development  iu  them  of  loops 
es  (fi^.  373)  i  and  the  lutter  at  length  form  the  niiBuW 

of  iho  blood-veSBola  which  are,  so  to  speak,  conducteJ 
i;tiia  to  the  chorion  by  the  allimtoiH.     Tho  function  of  tiie 

cboriou  is  evidently  the  flbaorption  of  nutrient  matter 
us  i  and  tliis  is  probohly  supplied  to  them  at  first  frciii 
fttter,  secreted  by  the  follicular  giands  of  the  uterus, 
hey  are  soaked.  Soon,  however,  the  fmtal  vessels  of 
mo  into  more  intimate  relation  with  the  vessels  of  the 
L'ho  part  at  which  this  relation  betwceu  the  ve^eb 
IS  and  those  of  tho  parent  ensues,  is  not,  hawercr,  over 

sm-face  of    tho  chorion:    for,  although  all    tho    villi 

t    where   they   ure   greatly  developed,    and    by    their 

jivo  rise,  with  the  vessels  of  the  uterus,  to    the  forma- 

ptaccnta. 

ratimd  the  manner  in  which  the  /(etal  and    maternal 

Is  come  into  relation  with  caeh  other  in  the  placenta. 
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waved  and  contorted  towards  their  deep  and  closed  extremity, 
which  ia  impknted  at  Bome  depth  in  the  tissue  of  the  uterua,  and 
may  dilate  into  two  or  three  closed  sacculi  (fig.  374). 

The  glands  are  lined  by  columnar  ciliated  epithelium  and 

P'3-  374-* 


they  open  on  the  inner  surface  of  the  mucous  membrane  by  small 
round  orifices  set  closely  together  (a,  a,  fig.  374). 


On  the  internal  surface  of  the  mucous  membrane  may  be  seen 
the  circular  orifices  of  the  glands,  many  of  which    are,  in  the 

*  f 'S-  374-  Section  of  the  linuig  membrane  of  a  bumin  at^nu  at  the  period 
of  commencing  pregaancy,  sliawing  tlio  arran^meDt  and  other  peculiarities 
of  the  glands,  d,  d,  d,  n'ith  their  orifices,  a,  a,  n,  on  tlie  internal  garface  of 
the  org&tl.     Tviee  the  ttntural  size. 

t  Fig.  375.  Two  tidn  segments  of  human  dccidm  after  recent  imprcgnn- 
tion,  viewed  on  a  dark  ground  :  they  show  the  ojieningB  on  the  siufacc  of  the 
membruie.  A  is  magnified  aL\  diameters,  and  b  twelve  diameters.  At  t, 
the  lining  of  ei^thelium  ia  seen  within  the  orifices,  at  3  it  has  escaped 
(Sharpoy). 
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A  i.f  prcgotiiicy,  surrounded  by  a  wLitish  ring,  funnel 
Uc-lium  which  lines  tho  follicleu  (fig.  375). 
ana  decidua. — Coiiicidently    with  the    occurrence  d 
important    changes   occur   in   tho    structure    of  tiie 
;mhmiic  of  the  titerua.     Tlie  epithelium   and  suWpi- 
.nectivf  tissue,  together  with  the  tubular  glands,  in- 
dly,  jmd  there  is  a  grently  increased  vascularity  of  the 
ioiis  membrnne,  the  vessels  of  the  mucous  membrane 
arger  and  more  numerous ;  while  a  substance  composed 
lucleatod  celie  filla  up  the  intcrfollicular  spaces  iu  which 
'CBsels  arc  coutainod.     The  effect  of  these  changes  is  wi 
hicknchB,  Boftucsfl,  nnd  vaBCularity  of  the  mucous  mem- 
Biipoi-ficial  part  of  which    itself  forms  tJio  m«ntnraa 

:ct  of  this  increased  development  soemB  to  be  the  pro- 
imtritivc  matcriab  for  the  ovum;  for  the  cavity  of  the 
-tly  boeomCB  filled  with  gecretcd  fluid,  consisting  almost 
nucleated  cells,  in  which  the  villi  of  the   chorion  arc 

|c  ovum  first  enters  the  uterus  it  becomes  imijcdded  iu 
re  of  the  dccidua,  which  ia  yet  quite  soft,  and  in  wfaich 
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reflexa  gradually  come  into  contact,  and  in  the  third  month  of 
pregnancy  ihe  cavity  between  them  has  quite  disappeared.  Henoo- 
forth  it  18  very  difficult,  or  oven  imposBible,  to  distinguiah  the  two 
layers. 

Fig.  376." 


The  Flaoeota. — During  these  changes  the  deeper  part  of  the 
mucous  membrane  of  the  uterus,  at  and  near  the  region  nhere  the 
placenta  is  placed,  becomes  hollowed  out  by  sinuses,  or  cavernous 

*  Fig.  376.  Diagrammtttio  view  of  a  vertical  tranavcrso  section  of  the  nterns 
at  the  Beventh  or  eighth  week  0!  prFgnaiicy.  e,  c,  c",  cavity  of  uteniH,  which 
becomes  the  cavity  of  the  ilecidua,  opening  at  f,  c,  thocomuB,  into  the  FallopUn 
tobea,  andate' into  the  cavity  of  the  cervis,  which  iecloaed  by  a  plug  of  mucoB ; 
d  V,  Jecidua  vera  ;  d  r,  decidua  lefleca,  with  the  sparser  villi  imbedded  in  ita 
nibfltaiice  ;  d  >,  decidua  serotina,  involving  the  more  developed  chorioaic  villi 
«f  the  commencing  placenta.  The  ftetus  ia  aeen  lying  in  the  amniotic  sac ; 
pMsing  up  from  the  umbilicus  u  seen  the  umbilical  cotd  and  its  vessels, 
psasiiig  to  their  distribution  iu  the  villi  of  the  chorion ;  also  the  pedicle  of  the 
yelk  sac,  which  lies  in  the  cavity  between  the  amnion  and  chorion  (Allen 
Thomson). 
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spaces,  which  communicate  on  the  one  hand  with  arteries  and  on 
the  other  with  veins  of  the  uterus.  Into  these  sinuses  the  villi 
of  the  chorion  protrude,  pushing  the  thin  wall  of  the  sinus  before 
them,  and  so  come  into  intimate  relation  with  the  blood  contained 
in  them.  There  is  no  direct  communication  between  the  blood- 
vessels of  the  mother  and  those  of  the  fostus ;  but  the  layer  or 
layers  of  membrane  intervening  between  the  blood  of  the  one 
and  of  the  other  offer  no  obstacle  to  a  free  interchange  of  matters 
between  them.  Thus  the  villi  of  the  chorion,  containing. foetal 
blood,  are  bathed  or  soaked  in  maternal  blood  contained  in  the 
uterine  sinuses.  The  arrangement  may  be  roughly  compared  to 
filling  a  glove  with  foetal  blood,  and  dipping  its  fingers  into  a 
vessel  containing  maternal  blood.     But  in  the  festal  villi  there  is 

a  constant  stream  of  blood  into  and  out 
of  the  loop  of  capillary  blood-vessels  con- 
tained in  it,  as  there  is  also  into  and  out 
of  the  maternal  sinuses. 

It  would  seem  from  the  observations  of 
Professor  Goodsir,  that,  at  the  villi  of  the 
placental  tufts,  where  the  fcotal  and  ma- 
ternal portions  of  the  placenta  are  brought 
into  close  relation  with  each  other,  the 
blood    in    the   vessels  of  the   mother  is 
separated  from  that  in  the  vessels  of  the  footus  by  the  interven- 
tion of  two   distinct  sets  of  nucleated  cells  (fig.  377).     One  of 
these  (b)  ])elong8  to  the  maternal  portion  of  the  placenta,  is  placed 
between  the  membrane  of  the  villus  and  that   of  the   veschIat 
system  of  the  mother,  and  is  probably  designed  to  separate  firom 
the  blood  of  the  parent  the  materials  destined  for  the  blood  of  the 
footus  ;  the  other  (/)  belongs  to  the  fcctal  portion  ^f  the  placenta, 
is  situated  between  the  membrane  of  the  villus  and  the  loop  of 
vessels  contained  within,  and  probably  serves  for  the  absorption 
of  the  material  secreted  by  the  other  sets  of  cells,  and  for  its  con- 
veyance into  the  blood  vessels  of  the  foetus.    Between  the  two  sets 


*  Fig.  377.  Extremity  of  a  placental  'vdllus.  a,  lining  membrane  of  the 
vascnlar  system  of  the  mother ;  b,  cells  immediately  lining  a ;  d,  space  betww" 
the  matenial  and  fa?tal  portions  of  the  villus  ;  c,  internal  membrane  of  the 
villus,  or  external  membrane  of  the  chorion  ;  /,  internal  cells  of  the  villusi  or 
cells  of  the  chorion  ;  g,  loop  of  umbilical  vessels  (Goodsir). 
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of  cells  with  their  investing  membrane  there  exists  a  space  (d), 
into  which  it  is  probable  that  the  materials  secreted  by  the  one- 
set  of  cells  of  the  villus  are  poured  in  order  that  they  may  be- 
absorbed  by  the  other  set,  and  thus  conveyed  into  the  footali 
vessels. 

Not  only,  however,  is  there  a  passage  of  materials  from  the- 
blood  of  the  mother  into  that  of  the  foetus,  but  there  is  a  mutual 
interchange  of  materials  between  the  blood  both  of  footus  and  of 
parent ;  the  latter  supplying  the  former  with  nutriment,  and  in 
turn  abstracting  from  it  materials  which  require  to  be  removed. 

Dr.  Alexander  Harvey's  experiments  were  very  decisive  on  this  point.. 
The  view  has  also  received  abundant  support  from  Mr.  Hutchinson's  im-^ 
portant  observations  on  the  communication  of  syphilis  from  the  father  to 
the  mother,  through  the  instrumentality  of  the  foetus  ;  and  still  more  from 
Mr.  Savory's  experimental  researches,  which  prove  quite  clearly  that  the 
female  parent  may  be  directly  inoculateil  through  the  foetus.  Having 
opened  the  abdomen  and  uterus  of  a  pregnant  bitch,  Mr.  Savory  injected  a- 
solution  of  strychnia  into  the  abdominal  cavity  of  one  foetus,  and  into  the 
thoracic  cavity  of  another,  and  then  replaced  all  the  parts,  every  precaution 
being  taken  to  prevent  escape  of  the  poison.  In  less  than  half  an  hour,  the 
bitch  died  from  tetanic  spasms  ;  the  foetuses  operated  on  were  also  found 
<lead,  while  the  others  were  alive  and  active.  The  experiments,  repeated  on 
other  animals  with  like  results,  leave  no  doubt  of  the  rapid  and  direct  trans- 
missian  of  matter  from  the  foetus  to  the  mother,  through  the  blood  of  the 
placenta. 

The  placenta,  therefore,  of  the  human  subject  is  composed  of 
a  foetal  part  and  a  inaienial  part, — the  term  placenta  properly 
including  all  that  entanglement  of  footal  villi  and  maternal  sinuses, 
by  means  of  which  the  blood  of  the  foetus  is  enriched  and  purified 
after  the  fashion  necessary  for  the  proper  growth  and  development 
of  those  parts  which  it  is  destined  to  nourish. 

The  importance  of  the  placenta  is  at  once  apparent  if  we  remember  that 
daring  the  greater  portion  of  intra-utcrine  life  the  maternal  blood  circu- 
lating in  its  vessels  supplies  the  foetus  with  both  food  and  oxygen.    It  thus, 
performs  the  functions  which  in  later  life  arc  discharged  by  the  alimentary 
canal  and  lungs. 

The  whole  of  this  structure  is  not,  as  might  be  imagined, 
thrown  oflf  inmiediately  after  birth.  The  greater  part,  indeed,, 
comes  away  at  that  time,  as  the  after-hlrih  ;  and  the  separation  of 
this  portion  takes  place  by  a  rending  or  crushing  through  of  that 
part  at  which  its  cohesion  is  least  strong,  namely,  where  it  la. 
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lowed  and  undermined  \)j  the  cavemoua  spticcs  before 

Iq  thiit  wiij  it  IB  cast  off  with  the  fcetal  membrane 

[ecidua  vera  and  rtjle^ta,  together  with  n  part  of  the 

The  remaining  portion  withers,  and  dlsappeais 

Lradiially  either  absorbed,  or  thrown  off  in  the  uterine 

ir  tlie  lochia,  whiuh  occur  at  this  period. 

icons  membraue  ia  of  course  gradually  developed,  as 

I,  by  its  jieculiar  transformation  into  what  ia  called  the 

IS  to  perform  its  original  functions. 

\f.bilical  cord,  which  in  the  latter  part  of  fecial  life  is 

:ly  composed  of  the  two  arteries  and  the  single  vein 

ictively  convey  ftctal  hlood  to  and  from  the  placenta, 

Hhc  remuiints  of  other   structurea    which  in   the  eariy 

Ithe  development  of  the  embryo  were,  as  already  related, 

iimparative  importance.     Thus,  in  early  fostal  life,  it  is 

'  the   following  parts: — (i.)    Externally,  n  layer  of 

I,  reflected  over  it  from  the  umbilicus.     (2,)  The  um- 

with  its  duct  and  appertaining  omphalo-ineaenteric 

(3.)  The  remains  of  the  allantoia,  and  continuous 
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the  state  of  hyaline  cartilage  or  bone,  but  remains  enclosed  as 
m  a  case  within  the  persistent  parts  of  the  vertebral  column 
which  are  developed  around  it.  It  is  permanent,  however,  only 
in  a  few  animals  :  in  the  majority  only  traces  of  it  persist  in  the 

adult  animftl. 


In  many  Fish  no  true  vertebne  are  developed,  and  there  ia 
every  gradation  from  the  amphioxus,  in  which  the  notochord 
persists    through   life     and    there    are    no  vertebral   segments. 


*  fig.  378.  Embryo  chick  (4th  day),  viewed  as  a  trwwpannt  object, 
lying  Ml  its  left  side  (magnified).  C  ff,  cerebral  hetaigpheres  ;  F  B,  iore- 
braiD  or  vencle  at  third  ventricle,  with  F  n,  piueal  gland  projecting  from  its. 
mmnat-,MB,  mid-brain;  Cb,  cerebellum;  77,  Y,  fourth  ventricle ;  £,  lens; 
c  A  >,  choroidal  slit ;  Ctn,  V,  aaditory  vesicle ;  *  in,  saperior  maxillary  proceaa ; 
iF,  tP,  4c,  first,  second,  third,  and  fourth  vigceral  folds  ;  7,  fifth  nerre, 
HDdiDK  one  branch  (ophtlialniic)  to  the  eye,  and  another  to  the  first  visceral 
arch  ;  VII,  seventh  nerve,  passing  to  the  second  visceral  arch  ;  G  Ph,  glosso- 
pbaryngeal  nerrs,  passing  to  the  third  visceral  arch  ;  P  g,  pDenmogastric 
nerv«,  posnnK  towards  ths  fonrtb  visceral  arch  ;  t  v,  investing  mass  -,  e  h, 
notoclkord  1  its  front  end  cannot  be  seen  in  the  living  embryo,  and  it  does  not 
end  as  shown  in  the  fignre,  but  takes  a  sudden  bend  downwards,  and  then 
teiminates  in  a  point  ;  H  t,  heart  seen  through  the  walls  of  the  chest ;  MP, 
nraade-plates  ;  W,  wing,  showing  commencing  diHerentiation  of  segments, 
corresponding  to  arm,  forearm,  and  hand  ;  S  L,  liind-linib,  ns  yet  a  shnpeleas 
bnd,  diowing  no  differentiation.  Beneath  it  is  seen  the  curred  tail  (Foster 
and  Balfonr). 
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e  lampreys  iu  which  there  are  a  few  scattered  car- 
segments,    au(i    the   Bharka,    in   which    many    of  the 
■a  partly  ossified,  to  the  bony  fishes,  audi  as  the  cod 
:,  in  which  the  Tertebral  column  conaiate  of  a  number 

ossified   TCrLelirie,    with   remnauta  of  the  notochord 
;m.    Iu  Amphiliin,  Reptiles,  Birds,  and  Mammals,  there 

vcrtcbi-ic,  which  ai'e  formed  as  foliowa  : — 
rtebree. — Tlio  prototviitbrw,  which  have  been  already 
'p.  741),  send  processes  downwardaand  inwards  to  sur- 
notochord,  and  also  upwards  between  the  medullary 
he  epiblast  covering  it.     In  the  former  situation,  the 
IB  bodies  of  the  vertebne  make  their  appeanuice,  in  the 

arches,  which  enclose  the  neural  cimoL 
ebrse  do  not  exactly  correspond  in  their  position  with 
3rtebrtB :  but    each  permanent  vertebm   is   developed 
intiguous  halves  of  two  protovertebrtc.     The  original 
m  of  the  protoverlebro3  disiippears,  and  a  fresh  subdi- 
ra  in  such  a  way  that  a  permanent  iuvertebral  disc  is 
opposite  the  centre  of  each  protovortebra.     Meanwhile 
^rtobroj  split  into  a  dorsal  and  ventral  portion.     The 

CHAP.  xxiL]    DEVELOPMENT   OP   THE   PITUITABY  BODY.    759 

region  as  to  form  the  upper  false  ribs  of  this  class  of  ajiimals. 
The  same  parts  exist  in  mammalia  and  man ;  those  of  the  last 
ceryical  yertebree  are  the  most  developed,  and  in  children  may,  for 
a  considerable  period,  be  distinguished  as  a  separate  part  on  each 
side,  like  the  root  or  head  of  a  rib. 

The  true  cranium  is  a  prolongation  of  the  vertebral  column, 
and  is  developed  at  a  much  earlier  period  than  the  facial  bones. 
Originally,  it  is  formed  of  but  one  mass,  a  cerebral  capsule,  the 
chorda  dorsalis  being  continued  into  its  base,  and  ending  there 
with  a  tapering  point.  At  an  early  period  the  head  is  bent 
downwards  and  forwards  round  the  eud  of  the  chorda  dorsalis  in 
such  a  way  that  the  middle  cerebral  vesicle,  and  not  the  anterior, 
comes  to  occupy  the  highest  position  in  the  head. 

Pituitary  Body. — In  connection  with  this  must  be  mentioned 
the  development  of  the  pituitary  body.  It  is  formed  by  the 
meeting  of  two  out-growths,  one  from  the  foetal  brain,  which 
grows  downwards,  and  the  other  from  the  epiblast  of  the  buccal 
cavity,  which  grows  up  towards  it.  The  surrounding  mesoblast 
also  takes  part  in  its  formation.  The  connection  of  the  first 
process  with  the  brain  becomes  narrowed,  and  persists  as  the  in- 
fundibulum,  while  that  of  the  other  process  with  the  buccal  cavity 
disappears  completely  at  a  spot  corresponding  with  the  future 
position  of  the  body  of  the  sphenoid. 

The  first  appearance  of  a  solid  support  at  the  base  of  the 
cranium  observed  by  Miiller  in  fish,  consists  of  two  elongated 
bands  of  cartilage  (trabeculse  cranii),  one  on  the  right  and  the 
other  on  the  left  side,  which  are  connected  with  the  cartilaginous 
capsule  of  the  auditory  apparatus,  and  which  diverge  to  enclose 
the  pituitary  body,  uniting  in  front  to  form  the  septum  nasi 
beneath  the  anterior  end  of  the  cerebral  capsule.  Hence,  in  the 
cranium,  as  in  the  spinal  column,  there  are  at  first  developed  at 
the  sides  of  the  chorda  dorsalis  two  symmetrical  elements,  which 
subsequently  coalesce,  and  may  wholly  enclose  the  chorda. 

The  brain-case  consists  of  three  segments :  occipital,  parietal, 
and  frontal,  corresponding  in  their  relative  position  to  the  three 
primitive  cerebral  vesicles ;  it  may  also  be  noted  that  in  front  of 
each  segment  is  developed  a  sense-oi^gan  (auditory,  ocular,  and 
olfactory,  from  behind  forwards).  The  basis  cranii  consists  at  an 
early  period  of  an  imsegmented    cartilaginous    rod,   develoi^d. 
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aotocliord,  and  continued  forward  beyond  ita  termina- 
ic  trabreuUs  cranii,  which  bound  the  pituitary  fosan  ou 

jartilaginoua  rod  three  ceutraa  of  o§sification  appear: 

a1,  basi' sphenoid,  and  pre-sphonoid,  ono  corresponding 

;ment. 

1  forminjr  the  ranlt  of  (he  skull  (froDtal,  parietal,  Bquamoas 

1  cartilBgc,  are  OBsifieil  in  membrane. 

ilopmont  of  the  Pace  and  Visceral  Arches. 

)eon  said  before  that  at  an  early  period  of  development 
ibryo,  there    grow  up    on  the  sides  of  the  primitira 
ao-called  doreal  laviiiKw,  which  at  length  coalesce,  and 
ly  their  union   the   spinal   canal.     The  same  process 
takes  place  in  the  head,  so  as  to  enclose  the  cranial 

il   laminBB.— The  so-called  visceral  lamincp  have  been 
bed    as  passing  fonvarda,  and  gradually  coalescing  in 

[I.]     THE   PACE  AHD   VISCEEAL  AECHES. 
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The  upper  pu^  of  the  face  in  the  middle  line  ie  developed  from  the  m- 
c*lM/r0itto-natal  process  (a,  3,  Sg,  379).  Ftdhi  the  tecond  arch  ftre  de- 
veloped the  iiiCT«,  ttaptt,  and  itapediut  mnacle,  the  Btyloid  process  of  the 
temporal  hone,  the  Hylo-hyeid  ligament,  and  the  tmaller  cm-nu  of  the  Ayoiif 
bone.    Fiom  the  Ikird  TJaceial  arcli,  the  grtater  corntt  and  hedy  of  the 

F'O-  379-' 


bjoid  bone.    In  man  and  other  mammalia  the  fmrtk  visceral  arch  is 
Indirtinct    It  occupies  the  pcsition  where  the  neck  is  afterwards  developed. 

A  diatiact  connection  is  traceable  between  these  visceral  arches 
and  certain  cranial  nerves :  the  trigeminal,  the  facial,  the  gloeso- 
pharTDgeal,  and  the  pneiimogaBtric.  The  ophthalmic  division  of 
the  trigeminal  supplies  the  tral)ecular  arch ;  the  superior  and 
inferior  maiillary  divisions  supply  the  maxillary  and  mandibular 
arches  respectively. 

The  &cial  uervo  distributes  one  branch  (chorda  tympani)  to 
the  first  visceral  arch,  and  othci's  to  the  second  visceral  arch. 
Thus  it  divides,  encloaing  the  first  visceral  cleft 

Similarly,  the  glosso-pharyngeai  divides  to  enclose  tho  second 
Tisoeral  cleft,  its  lingual  branch  being  distributed  to  the  second, 
and  ita  pharyngeal  branch  to  the  third  arch. 

*  ^ifr  379'  '^  HogniGpd  view  from  before  of  the  hvadandntckofa  human 
embryo  of  about  three  weaba  (from  Ecker). — l,  aoterior  cerebral  vesicle  or 
cerebnuD  ;  3,  middle  ditto  ;  3,  middle  or  fronto-nasal  process ;  4,  superior 
maxilUiy  process  ;  5.  eye  ;  6,  inferior  maxillary  process,  or  Grst  visceral  arch, 
and  below  it  the  fint  cleft ;  7,  S,  9,  secoud,  third,  and  fourth  arches  and 
clefts.  B.  Anterior  view  of  the  head  of  a  human  fretua  of  about  the  fifth 
week  (from  Ecker,  as  before,  fig.  IV.).  i,  3,  3,  5,  the  same  parts  as  in  a  ; 
4,  the  external  nasal  or  lateral  frontal  process  ;  6,  the  superior  mBxillary 
process  ;  7,  the  tower  jaw ;  + ,  the  tongue  ;  8,  lirst  bronchial  cleft  becoming 
the  meatus  auditori 
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Tho  vaguB,  too,  sends  a  branch  (pliaryngeal)  along  the  third 
arch,  and  in  fishes  it  giTcs  off  paired  bnmchea,  vhioh  divide  to 
enclose  several  Buccessivo  branchial  clefta. 


Development  of  the  Extremities. 

The  Extremities  are  dcveloptd  in  an  niitfomi  manner  in  all 
vertebrate  animals.  They  (ippenr  in  the  form  of  leaf-like  eleva- 
tions from  the  parictes  of  the  trunk  (see  fig.  381),  at  points 
where  more  or  loss  of  an  arch  will  lie  produced  for  them  within. 
Tho  primitive  fonn  of  the  extremity  is  nearly  the  same  in  all 
Vcrtcbrata,  whether  it  be  destined  for  swimming,  crawling, 
walking,  or  flying.  In  the  human  fcctus  tho  fingers  are  at  firet 
united,  as  if  webbed  for  swimming ;  but  this  is  to  bo  regarded 
not  so  much  as  an  approximation  to  the  form  uf  aquatic  onimak, 
tia  the  primitive  form  of  the  hand,  the  individual  parts  of  which 
subsequently  become  more  completely  isolated. 

Tho  fore-limb  always  ap])earB  before  the  hind-limb  and  fv 
some  time  continues  in  a  more  advanced  state  of  development 
In  both  limbs  alike,  the  distal  segment  (hand  or  foot)  is  separated 
by  a  slight  notch  from  the  proximal  part  of  the  limb,  and  this 


For  dtBcription  Me  fig.  37S. 
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part  IB  subsequently  divided  agaiu  by  a  second  notch  (kneo  or 
elbow-joint). 

Derelopment  of  the  TaacnlBr  Systam. 

Histology. — At  an  early  stage  in  the  development  of  the 
embryo-chick,  the  so-called  "  area  vasculosa  "  begins  to  make  its 


Appearance.  A  number  of  branched  cells  in  the  mcaoblaut  send 
out  processes  which  nnite  80  as  to  form  a  network  of  protoplaam 
with  nuclei  at  the  nodal  points.  A  large  number  of  the  nuclei 
acijuire  a  red  colour ;  these  form  the  red  blood-cells.  The  proto- 
plasmic processes  become  hollowed  out  in  the  centre  so  as  to  form 
a  closed  system  of  branching  cauals,  in  the  walls  of  which  the  rest 
of  the  nuclei  remain  imbedded.  In  the  blood-vessels  thus  formed, 
the  circulation  of  the  embryonic  blood  commences. 

According  to  Dr.  Klein's  rascarcbcfi,  the  first  blood-veKEcls  in  the  chick 
are  developed  from  cmbtynnic  cells  of  tbc  mcHibbi^it,  wldch  swell  up  and 
become  vacuolated,  while  their  nuclei  nndei^  wgineiilftlion.  These  cells 
send  out  protoplnsmic  procesacB,  which  unite  with  corrc^^ponding  ooee  from 

*  Fig.  3S1.  A  human  embryo  of  the  fourth  week.  3)  lines  in  length,  i, 
the  chorion  ;  3,  part  of  the  amnion  ;  4,  umbilical  vesicle  with  its  lung  pedicle 
passing  into  the  abdomen  ;  7,  the  heart  ;  8,  the  liver ;  9,  the  viscera!  arch 
destined  to  form  tlic  bwer  jaw,  beneath  which  are  two  other  visceral  arcliaa 
separated  by  the  brancliial  clefts  ;  10,  rudiment  of  the  upper  extremitj' ;  it, 
that  of  the  lower  eitremity ;  la,  the  umbilical  cord  ;  15,  the  eye  ;  16,  the 
ear;  17,  cerebral  hemispheres;  iS,  optic  lobes,  corpora  ij^uadrigemiua 
(Mitller). 
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other  cells,  and  become  hollowed,  give  rise  to  the  capillary  wall  composed 
of  endothelial  cells  ;  the  blood  corpuscles  being  budded  off  from  the  endo- 
thelial wall  by  a  process  of  gemmation. 

Heart. — About  the  same  time  the  heart  makes  its  appearance 
as  a  solid  mass  of  cells  of  the  splanchno-pleure. 

At  this  period  the  anterior  part  of  the  alimentary  tube  ends 
blindly  beneath  the  notochord.  It  is  beneath  the  posterior  end 
of  this  "  fore-gut "  (as  it  may  be  termed)  that  the  heart  begins  to 
be  developed.  A  cavity  is  hollowed  out  longitudinally  in  the  mass 
of  cells ;  the  central  cells  float  freely  in  the  fluid,  which  soon 
begins  to  circulate  by  means  of  the  rhythmic  pulsations  of  the 
embryonic  heart. 

These  pulsations  take  place  even  before  the  appearance  of  a 
cavity,  and  immediately  after  the  first  **  laying  down  "  of  the  cells 
from  which  the  heart  is  formed,  and  long  before  muscular  fibres  or 
ganglia  have  been  formed  in  the  cardiac  walls.  At  first  they 
seldom  exceed  from  fifteen  to  eighteen  in  the  minute.  The  fluid 
within  the  cavity  of  the  heart  shortly  assumes  the  characters  of 
blood.  At  the  same  time  the  cavity  itself  forms  a  communication 
w^ith  the  great  vessels  in  contact  with  it,  and  the  cells  of  which  its 
walls  are  composed  are  transformed  into  fibrous  and  muscular 
tissues,  and  into  epithelium.  In  the  developing  chick  it  can  be 
observed  with  the  naked  eye  as  a  minute  red  pulsating  point 
before  the  end  of  the  second  day  of  incubation. 

Blood-vessels. — Blood-vessels  appear  to  be  developed  in  two 
ways,  according  to  the  size  of  the  vessels.  In  the  formation  of 
large  blood-vessels,  masses  of  embryonic  cells  similar  to  those  fivm 
which  the  heart  and  other  structures  of  the  embryo  are  developed, 
arrange  themselves  in  the  position,  form,  and  thickness  of  the 
developing  vessel.  Shortly  afterwards  the  cells  in  the  interior  of 
a  column  of  this  kind  seem  to  be  developed  into  blood-corpuscles, 
while  the  external  layer  of  cells  is  converted  into  the  walls  of  the 
vessel. 

Development  of  Capillaries. — In  the  development  of  capil- 
laries another  plan  is  pursued.  This  has  been  well  illustrated  by 
Kcilliker,  as  observed  in  the  tails  of  tadpoles.  The  first  lateral 
vessels  of  the  tail  have  the  form  of  simple  arches,  passing  between 
the  main  artery  and  vein,  and  are  produced  by  the  junction  of 
prolongations,  sent  from  both  the  artery  and  vein,  with  certain 
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elongated  or  star-sliaped  cells,  in  the  substance  of  the  tail.  When 
these  arches  are  formed  and  are  permeable  to  blood,  new  prolonga- 
tions pass  from  them,  join  other  radiated  cells,  and  thus  form 


Fig.  382.- 


secondary  arches  (fig.  382).     In  this  manner,  the  capillary  net- 
work extends  in  proportion  as  the  tail  increases  in  length  and 

♦  Fig.  382.  Capillary  blood-vessels  of  the  tail  of  a  young  larval  frog. 
Magnified  350  times  (Kolliker). — a,  capillaries  permeable  to  blood  ;  b,  fat- 
granules  attached  to  the  walls  of  the  vessels,  and  concealing  the  nuclei ; 
c,  hollow  prolongation  of  a  capillary,  ending  in  a  point ;  </,  a  branching  cell 
with  nucleuB  and  fat-granules  ;  it  communicates  by  three  branches  with  pro- 
longation of  capillaries  already  formed ;  e,  c,  blood-corpuscles  still  containing 
granules  of  fat. 


766 


GENERATION   AND   DEAIELOPMENT.        [chaf.  xam. 


breadth,  and  it,  at  the  same  time,  becomes  more  dense  by  the 
formation,  according  to  the  same  plan,  of  fresh  vessels  within  its 

Fig.  383.» 


meshes.     The  prolongations  by  which  the  veasola  communicate 


Fid-  384.t 


with  the  star-shaped  cells,  consist  at  first  of  narrow-pointed  pro- 
jections from  the  side  of  the  vessels,  which  gradually  elongate 


*  Fig.  383.  Development  of  capillaries  in  the  regenerating  tail  of  a  tfcl* 
pole,     rt,  d,  c,  rf,  sprouts  and  cords  of  protoplasm  (Arnold). 

t  Fig.  384.  The  same  region  after  the  lapse  of  24  hours.  The  "sprouts 
and  cords  of  protoplasm "  have  become  channelled  out  into  capillArid 
(Arnold). 
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until  they  oome  in  contact  with  the  radiated  processes  of  the 
ceUa  The  thickness  of  such  a  prolongation  often  does  not  exceed 
that  of  a  fibril  of  fibrous  tissue,  and  at  first  it  is  perfectly  solid  ; 


but,  by  degrees,  especially  after  its  junction  with  a  cell,  or  with 
another  prolongation,  or  with  a  vessel  already  permeable  to  blood, 
it  enlarges,  and  a  cavity  then  forms  in  its  interior  (see  figs.  383, 
384,  385).     This  tissue  is  well  calculated  to  illustrate  the  various 


*  Fig.  385.  Capillaries  from  the  vitreous  bamour  of  a  foetal  calf.  Two 
vessels  are  seen  connected  by  a  '*  cord  "  of  protoplasm,  and  clothed  with  an 
adventitia,  containing  numerous  nuclei,  a,  insertion  of  this  ''cord"  into 
the  primary  wall  of  the  vessels  (Frey). 

-f  Fig.  386.  Foetal  heart  in  successive  stages  of  development,  i,  venous 
extremity  ;  2,  arterial  extremity  ;  3,  3,  pulmonary  branches ;  4,  ductus 
arteriosus  (Daltou). 
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he  development  of  blood- vessels  from   elongating   and 
cella. 

?  cases  ft  whole  network  of  capilltiries  is  developed  fhun 
of  branched,  embryonic  connective -tissue  corpiucles  by 
r  of  their  processes,  the  multiplication  of  their  nuclei, 
icuolatiou  of  the  cell-substance.     The  vacuoles  gradually 
11  all  the  partitions  are  broken  down  and  the  originally 
iplasmio  cell-aubstancc  is,  so  to  speak,  tiumelled  out  into 
of  tulws. 

ies  may  also  be  developed  from  cells  which  are  origin- 
jidal,  vacuoles  form  in  the  intcricir  of  the  cells  gradually 
imitcd  by  fine  protopUismic  processes  :  by  the  ext«nBion 

'agy.     Heart. — When    it   first    appears,   the    heart    is 
tely  tubtdor  in  form.     It  receives  at  ita  two  posterior 

ivo  aorta  (fig.  3S7). 
however,  becomes  curved  somewhat  in  the  shape  of  a 

Fig.  387.- 
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the  horse-shoe.  The  bulgmg  out  of  the  middle  portion  inferiorly 
gives  the  first  indication  of  the  future  form  of  the  yentriole 
(fig.  387).  The  great  curvature  of  the  horse-shoe  by  the  same 
means  becomes  much  more  developed  than  the  smaller  curvature 
between  the  auricle  and  bulbus;  and  the  two  extremities,  the 
auricle  and  bulb,  approach  each  other  superiorly,  so  as  to  produce* 
a  greater  resemblance  to  the  later  form  of  the  heart,  whilst  the 
ventricle  becomes  more  and  more  developed  inferiorly.  The  heart 
of  Fishes  retains  these  three  cavities,  no  further  division  by 
internal  septa  into  right  and  left  chambers  taking  place.  In 
Amphibia,  also,  the  heart  throughout  life  consists  of  the  three 
muscular  divisions  which  are  so  early  formed  in  the  embryo ;  but 
the  auricle  is  divided  internally  by  a  septum  into  a  pulmonary 
and  systemic  auricle.  In  Reptiles,  not  merely  the  auricle  is  thiis 
divided  into  two  cavities,  but  a  similar  septum  is  more  or  less 
developed  in  the  ventricle.  In  Birds  and  Mammals,  both  auricle 
and  ventricle  undergo  complete  division  by  septa ;  whilst  in  these 
animals  as  well  as  in  reptiles,  the  bulbus  aortoe  is  not  permanent, 
but  becomes  lost  in  the  ventricles.  The  septum  dividing  the 
ventricle  commences  at  the  apex  and  extends  upwards.  The 
sub-division  of  the  auricles  is  very  early  foreshadowed  by  the 
outgrowth  of  the  two  auricular  appendages,  which  occurs  before 
any  septum  is  formed  externally.  The  septum  of  the  auricles 
is  developed  from  a  semilunar  fold,  which  extends  from  above 
downwards.  In  man,  the  septum  between  the  ventricles,  accord- 
.  ing  to  Meckel,  begins  to  be  formed  about  the  fourth  week,  and  at 
the  end  of  eight  weeks  is  complete.  The  septum  of  the  auricles, 
in  man  and  all  animals  which  possess  it,  remains  imperfect 
throughout  fcetal  life.  When  the  partition  of  the  auricles  is  first 
commencing,  the  two  venre  cavse  have  different  relations  to  the 
two  cavities.  The  superior  cava  enters,  as  in  the  adult,  into  the 
right  auricle ;  but  the  inferior  cava  is  so  placed  that  it  appears  to 
enter  the  left  auricle,  and  the  posterior  part  of  the  septum  of  the 
auricles  is  formed  by  the  Eustachian  valve,  which  extends  from 
the  point  of  entrance  of  the  inferior  cava.  Subsequently,  how- 
ever, the  septum,  growing  from  the  anterior  wall  close  to  the 
upper  end  of  the  ventricular  septum,  becomes  directed  more  and 
more  to  the  left  of  the  vena  cava  inferior.  During  the  entire 
period   of  foetal  life,  there   remains   an  opening  in  the   septum, 
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viilvo  iif  tho  forameu  ovale,  developed  iu  the  third 
perfectly  tloaes. 

ArterioaoB. — The  bulbvf  arUrioiJU  which  is  originally 
be,  beoomea  gradually  divided  into  two  by  the  growUi 
:nftl  fioptum,  which  apringa  fi-om  the  piwterior  wall,  and 
rwarda  towards  the  front  wiill  and  downwards  towards 
lies.  This  partition  takes  a  somewhat  spiral  direction, 
!  two  tubes  {aorta  and  imlnionary  artery)  which  result 
impletion,  do  not  run  side  by  side,  but  are  twiated  round 

Boptum  grows  down  towards  tho  ventricles,  it  meets 
jce9  with    the   upwardly  growing  ventricular  septum, 
from  the  right  find  left  ventricles,  which  are  now  com- 
piirate,    arise   respectively   the   pidmonary    artery  and 
ch   are   also   quite   diatiuct.     The  auriculo- ventricular 
iiuar  valves  are  formed  by  the  growth  of  folds  of  the 

rat  appearance  the  heart  is  placed  just  beneath  the  head 
tuH,  and  is  very  large  relatively  to  the  whole  body  :  but 
rawlhof  the  neck  it  becomes  further  and  further  nimoved 

AORTIC  AECHE8. 


Behind  this  pair  of  primitive  aortic  arches,  four  more  pairs 
make  their  appearance  successively,  no  that  there  are  five  pairs  in 
all,  each  one  running  along  one  of  the  visceral  arches. 


These  five  are  never  alt  to  be  seen  at  once  in  the  embryo  of 
higher  animals,  for  the  two  anterior  pairs  gradually  disappear, 

*  Fig.  388.  Diagram  of  tho  aortic  arches  in  a,  maniin^  BhowiDg  tniis- 
foTnutiona  which  give  riiie  to  t!i8  periuBinjnt  arterial  veaaeU.  A,  primitiva 
Mterial  stem  or  uortii:  bulb,  now  divided  into  A,  the  asceDding  port  of  the 
mortic  arch,  and  p,  the  pulmonary  ;  ci  a',  right  and  left  aortic  roots  ;  A', 
descending  aorta  ;  I,  1,  3,  4,  5,  tlio  five  primitive  aortic  or  bnuichiiil  arches ; 
/,  //,  III,  IV,  the  four  branchial  clefts  which,  for  the  sake  of  clearneaa,  have 
been  omitted  on  the  right  Hide.  The  permanent  sjstemic  vsskU  are  deeply, 
the  pnlmoiuuy  arteriex,  lightly  ehaded  ;  the  parts  of  the  primitive  arches 
which  are  transitory  are  aimply  outlined  ;  e,  placed  between  the  permanent 
common  carotid  arteriei ;  c  c,  eitcmol  carotid  arteries  ;  c  1,  internal  carotid 
arteries  ;  t,  right  subclavian,  rising  from  the  right  aortic  root  beyond  the 
fifth  arch  ;  c,  right  vvrtehral  from  the  same,  opposite  the  faorth  arch  ;  t'  i, 
left  vertebral  and  subclavian  arteries  rising  together  from  the  left,  or  per- 
nunent  aortic  root,  opposite  the  fourth  arch  ;  p,  pulmonuy  arteries  rising 
tc^ether  from  the  left  fifth  arch  ;  d,  outer  or  back  port  of  left  fifth  arch, 
forming  daetus  arteriosus  ;  p  n,  p  n',  right  and  left  pneumogastric  nerves, 
descending  in  front  of  aortic  uroiiFS,  with  their  recurrent  branches  repre- 
sented diagrammatically  as  passing  behind,  to  illustrate  the  relations  of  these 
nerves  respectively  to  the  right  subclavian  artery  (4},  and  the  sich  fA  tlie 
aorta  and  dnctus  arteriosus  {d)  (Allen  Thomson,  after  Bathke). 
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Mstorior  ones  aro  Diakiug  their  appearance,  so  that  at 
f  three  remain. 

on,   however,   they  all  peraiat   throughout   life    as  the 
nrtcries  supplying  the  gills,  while  in  Amphibia  three 
at  throughout  life. 

ilea,  Birds,  atid  Mammala,  further  tranaformatioDs  occur. 
tiloa  t-ho  fourth  pair  rcmaina  throughout    life    as   the 
.  right  aud  left  aorta  ;  ia  Birds  the  right  one  remaiiu  as 
nout  aorta,  curving  over  the  right  bronchus  inatead  of 
in  Miimmals. 

imala  the  left  fourth  aortic  arch   developes    into    the 
;  aorta,  the  right  one  remaining  as  the  aubclavian  artery 
de.     Thua  the  aubclaviau  artery  on  the  right  side  corre- 
tho  aortic  arth  ou  the  left,  aud  this  homology  ia  further 
by  the  fact  that  the  recurrent  laryngeal  nerve  hooka 
Bubclaviaii  on  the  right  side,  and  the  aortic  arch  on  the 

rd  aortic  arch  remaina  as  the  estcmal  carotid  artery, 
fifth  disappears  on  the  right  side,  but  ou  the  left  forms 
juary  artery.      The  diatal  end  of  this  arch  originally 

CHAP,  xxii.]         DBTELOPMENT   OF   THE  TE1N8.  773 

into  two  groups,  Tisceral  and  parietal :  the  fonner  ioclades  the 
omphtklo-mesenteric  and  umbilical,  the  latter  the  jugular  and 
cardinal  veins.     The  former  may  be  first  considered. 

The  earliest  Teins  to  appear  in  the  foetus  are  the  omphalo- 

Pig.  38g.»  Fig.  jgo-t 


mesenteric  which  return  the  blood  from  the  yolk-sac  to  the 
dereloping  auricle.  Aa  soon  as  the  placenta  with  its  umbilical 
Teins  is  developed,  these  unite  with  the  omphalo-mesenterio,  and 
thus  the  blood  which  reaches  the  auricle  comes  partly  from  ^e 
yolk-sac  and  partly  from  the  placenta.  The  right  omphalo- 
mesenteric and  the  right  umbilical  vein  soon  disappear,  and  the 
onited  left  ompbalo-mesenteric  and  umbilical  veins  pass  through 
the  developing  liver  on  their  way  to  the  auricle.  Two  seta  of 
vessels  make  their  appearance  in  connection  with  the  liver  (vcnie 
hepaticse  advehentes,  and  rcvehcntes),  both  opening  into  the 
onited  ompbalo-mesenteric  and  umbilical  veins,  in  such  a  way 

*  Fig.  3S9.  Diagram  of  young  emlirjo  and  its  vessels,  showing  coarse  of 
(jicnl&tion  in  the  umbilical  vesicle  ;  and  also  that  of  the  allantois  (near  the 
candal  extremitj),  which  is  just  commencing  (Dalton), 

t  Fig.  390,  Diagram  of  embryo  and  its  vessels  at  a  later  Btage,  showing 
the  Mcond  circnlatioa.  The  phatTox,  csaophagns,  and  intestinal  canal  have 
become  further  developed,  and  the  mesenteric  arteries  have  enlarged,  while 
the  umbilical  vesirle  and  its  vascular  branches  arc  very  much  reduced  in 
uze.  The  large  nmbilical  ut«ries  ore  seen  passing  out  in  the  placeutK 
<Dalton). 
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that  a  portion  of  the  venous  blood  trayersing  the  latter  is  diverted 
into  the  developing  liver,  and,  having  passed  through  its  capil- 
laries, returns  to  the  mnbilical  vein  through  the  vense  hepaticsd 


Fig.  391.* 
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rcvehentes  at  a  point  nearer  the  heart  (see  fig.  391).  The  portion 
of  vein  between  the  afferent  and  efferent  veins  of  the  liver  becomes 
the  ductus  venosus.  The  venro  hepaticee  advehentes  become  the 
right  and  left  branches  of  the  portal  vein,  the  venae  hepatic® 
revchcntes  become  the  hepatic  veins,  which  open  just  at  the 
junction  of  the  ductus  venosus  with  another  laige  vein  (vena  cava 
inferior),  which  is  now  being  developed.  The  mesenteric  portion 
of  the  omphalo-mesenteric  vein  returning  blood  from  the  develop- 
ing intestines  remains  as  the  mesenteric  vein,  which,  by  its  union 
with  the  splenic  vein,  forms  the  portal. 

Thus  the  foetal  liver  is  supplied  with  venous  blood  from  two 
sources,  through  the  umbilical  and  portal  vein  respectively.  At 
birth  the  circulation  through  the  umbilical  vein  of  course  com- 
pletely ceases  and  the  vessel  begins  at  once  to  dwindle,  so  that 
now  the  only  venous  supply  of  the  liver  is  through  the  portal 
vein.  The  earliest  appearance  of  the  parietal  system  of  veins  is 
the  formation  of  two  short  transvetse  veins  (ducts  of  Cuvier) 


*  Fig.  391.  Diagrams  illustrating  the  development  of  veins  about  th« 
liver.  B,  d  c,  ducts  of  Cuvier,  right  and  left ;  e  a,  right  and  left  cardiiud 
veins ;  0,  left  omphalo-mesenteric  vein  ;  0',  right  omphalo-mesenteric  vein, 
almost  Hhrivelled  up  ;  n,  u',  umbilical  veins,  of  which  u\  the  right  one,  ha 
almost  disappeared.  Between  the  venro  cardinalcs  is  seen  the  outline  of  the 
rudimentary  liver,  with  its  vence  hepatic^  advehentes,  and  revehentes ;  A 
ductus  venosus  ;  V,  hepatic  veins  ;  c  t,  vena  CAva  inferior  ;  P,  portal  vein ; 
J^  F,  venro  oAvciWivlea  •,  ui,  mesenteric  veins  (Kolliker). 
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opening  into  the  auricle  on  either  side,  which  result  from  the 
uniou  of  a  jugular  vein,  collecting  blood  from  the  head  and  neck, 
and  a  cardinal  vein  which  returns  the  blood  from  the  Wolffian 
bodies,  the  vertebral  column,  and  the  parietes  of  the  trunk.  This 
arrangement  persists  throughout  life  in  Fishes,  but  in  Mam  mala 
the  following  transformations  occur. 

As  the  kidneys  are  developing  a  new  vein  appears  (vena  cava 
inferior),  formed  by  the  junction  of  their  efferent  veins.  It  receives 
branches  &om  the  legs  (iliac)  and  increases  rapidly  in  sise  as 
they  grow  :  further  up  it  receives  the  hepatic  veins.  The  heart 
gradually  descends  into  the  thorax  causing  the  ducts  of  Cuvier  to 
become  oblique  iDstead  of  transverse.  As  the  fore-limbs  develop, 
Uie  subclavian  veins  are  formed. 

A  transverse  communicating  trunk  now  unites  the  two  duots 


of  Cuvier,  and  gradually  increases,  while  the  left  duct  of  Cuvier 
becomes  almost  entirely  obliterated  (all  its  blood  passing  by  the 

•  Fig.  39a.  DLognma  illuBtrating  the  development  oC  the  great  veim. 
d  e,  dncts  of  Cnvier ;  j,  juguUr  Teins ;  A,  hepatic  vein*  ;  e,  cardinal  veins  ; 
t,  sabcIaTiaD  vein ;  j  i,  intenal  jagoloi  rein  ;  j  t,  ertemal  jugular  vein ; 
a  2,  aiygoe  vein  ;  c  i,  inferior  vena  cava ;  t,  rennl  veins;  i  f,  iliac  veins  v 
*  '  J,  hypogMtric  vein*  (Gegenbwr). 
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ting  trunk  to  the  right  Bide)  (fig.  39:,  C,  d).    The  right 

ting  branch  forms  the  left  innominate.     The  remnant 
duct  of  Cuvior  generally  remains  aa  a  fibrous  band, 
liqucly  down  to  the  coronary  vein,  which  is  really  the 
irt  of  the  left  duct  of  Cuvier.     In  fixint  of  the  root  of 
g,  another  relic  may  be  found  in  the  form  of  the  so- 
igial  fold  of  Marshall,  which  ia  a  fold  of  pericardium 
the  same  direction. 

f  the  lower  mammal*,  euch  og  tlie  rnt.  tlie  left  ductal  Curieri 
left  miperior  cava. 

lie,  a  transverse  branch  carries  across  most  of  the  blood 
cardinal  vein  into  the  right;  and  by  this  imion  the  great 
is  formed, 

sr  portiooH  of  the  left  cardinal  vein  remtun  as  the  left 
tercostal  and  vena  azygos  minor  (fig.  392,  i>). 

Circulation  of  Blood  in  the  Fcetua. 

HAP.  mi.J  THE   FffiTAt  CIECULATION.  "^TJ 

■r  only  to  a  slight  extent.  The  blood  from  the  mperior  vena 
a^ — the  leaa  pure  fluid  of  the  two^paases  almost  eiclusiTely 
nto  the  right  ventricle,  through  the  auriculo-ventricular  opening. 


art  as  it  does   io  the   adult ;  while  the  blood  of  the  inferi 
ena  cava  is  directed  by  a  fold  of  the  lining  membrane  of  t 


*  ^-  393-     I^Bg'iu'i  °f  the  Ftetal  Circulatiou. 
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d  the  Euttaekian  valit,  through  the  fonuuen  ovale  into 
ride,  whence  it  passes  into  the  Ufl  ventricle,  and  out 
J  the  aorta,  and  thenco  to  all  the  body.     The  blood 
■nor  Tciia  cava,  which,  an  before  said,  passes  into  the 
ifle,  ia  scut  out  tlienco  in  auiall  amount  through  the 
nilery  to  the  lungs,  and  thence  to  the  left  auricle,  as 
lit.     The  greater  purt,  however,  by  far,  does  not  go 
gs,  but  instead,  paaaca    through  a  caunl,  the   diicfiii 
oading  from  the  ptdmonary  artery  into  the  norta  just 
origin   of  the  three  great  vessels   which  supply  the 
s  of  the  body  ;   and  there  meeting  that  part   of  the 
he  inferior  vena  cava  which  has  not  gone  into  tliesc 
la,  it  ia  distributed  with  it  to  the  trunk  and  loner 
■ortiou  passing  out  by  way  of  the  two  umbilical  artfriu 
enta.    From  the  placenta  it  is  returned  by  the  umbilical 
under  surface  of  the  Uver,  from  which  the  description 

B  after  Birth.— After  birth  the  foramen  ovale  closes, 
the  ductus  arteriosus  and  ductus  vcnosus,  as  well  as 

CHAP.  xxiL]       DEVELOPMENT   OF   SPINAL   COED.  > 


779 


spinal  cord  is  developed  out  of  the  primitive  medullary  tube  which 
results  from  the  folding  in  of  the  dorsal  laminae  (m,  fig.  360). 

Soon  after  it  has  closed  in,  this  tube  is  foimd  to  be  somewhat 
oval  in  section,  with  a  central  canal,  which,  in  sections,  presents 
the  appearance  of  an  elongated  slit,  slightly  expanded  at  each  end. 
The  two  opposite  sides  unite  (fig.  394)  in  the  centre  of  the  slit, 
dividing  it  into  an  anterior  portion  (the  permanent  central  cana) 
of  the  cord)  and  a  posterior,  which  makes  its  way  to  the  free 
surface,  and  persists  as  the  posterior  fissure  of  the  cord,  lodging  a 
very  fine  process  of  pia  mater. 

At  this  period  the  cord  consists  almost  entirely  of  grey  matter, 

^i(f'  394.* 
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but  the  white  matter,  which  is  derived  probably  from  the  sur- 
rounding mesoblast,  becomes  deposited  aroimd  it  on  all  sides, 
growing  up  especially  on  the  anterior  surface  of  the  cord  into 
the  two  anterior  columns.  These  are  separated  by  a  fissure 
(anterior  fissure  of  cord),  which  of  course  deepens  as  the  colunms 
bounding  it  become  more  prominent  (fig.  394). 

By  the  development  of  various  commissures,  the  cord  is  com- 
pleted. 

When  it  first  appears,  the  spinal  cord  occupies  the  whole 
length  of  the  medullary  canal,  but  as  development  proeeeds,  tho 
spinal  column  grows  more  rapidly  than  the  contained  cord,  so 
that  the  latter  appears  as  if  drawn  up  till,  at  birth,  it  is 
opposite  the  third  liunbar  vertebra,  and  in  the  adult  opposite  the 
first  lumbar.  In  the  same  way  the  increasing  obliquity  of  tho 
spinal  nerves  in  the  neural  canal,  as  we  approach  the  lumbar 
region,  and  the  "  cauda  equina  "  at  the  lower  end  of  the  cord,  are 
accoimted  for. 


•  Fig.  394.  Diagram  of  development  of  spinal  cord ;  cc,  central  canal ; 
«/;  anterior  fissure  ;  pf,  posterior  fissure  ;  g,  grey  matter ;  w,  white  matter. 
For  further  explanation  sec  text. 
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-We  have  seen  (p.  739)  that  tho  front  portion  of  tho 
canal  ia  almost  from  the  first  widened  out  and  divided 
1   vesicles.       From    the    anterior   Tesicle    (thalamenoe- 
a  two  primary  optic  vesicles  are  budded  off  laterally  : 
ler  bJBtorj  will  be  traced  in  the  tieit  socUon.     Some- 
■,  from  the  same  vesicle  the  rudiments  of  tho  bemi- 
ppear   in    the   form   of    two    outgrowths    at   ft   higher 
ch   grow   upwards  and    backwtinls.      These   form   the 
lion. 

rails  of  the  posterior  (third)  cerebral  vesicle,  a  thicken- 
rs  (rudimentary  cerebellum)  which  becomes  separated 
est  of  the  vesicle  by  a  deep  inflectiou. 

time  there  are  two  chief  curvatures  of  the  brain  (fig. 

(t),  A  sharp  Ijcud  of  the  whole  cerebral  mass  dowu- 
nd  the  end  of  the  notochord,   by  which  the  anterior 
licL  WHS  the  highest  of  the  three,  is  bent  downwards, 
liddle  one  comes  to  occupy  tho  highest  position,     (i). 
>ond,  with  the  convexity  forward-s,  which  runs  in  from 
leath  the  riiiiiraeui;iry  cerebellum  soparatiug  it  from  the 
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The  cerebral  hemispheres  grow  rapidly  upwards  and  back- 
wards, while  from  their  inferior  surface  the  olfactory  bidbs  are 
budded  off,  and  the  thalamencephalon,  from  which  they  spring. 


fltO 


remains  to  form  the  third  ventricle  and  optic  thalami.  The 
middle  cerebral  vesicle  (mesencephalon)  for  some  time  is  the  most 
prominent  part  of  the  foetal  brain,  and  in  Fishes,  Amphibia,  and 
Reptiles,  it  remains  uncovered  through  life  as  the  optic  lobes. 
But  in  Birds  the  growth  of  the  cerebral  hemispheres  thrusts  the 
optic  lobes  down  laterally,  and  in  Mammalia  completely  overlaps, 
them. 


*  Fig.  395.  Early  stages  in  development  of  human  brain  (magnified). 
I,  2,  3,  are  from  an  embryo  about  seven  weeks  old  ;  4,  about  three  monthd' 
old.  nif  middle  cerebral  vesicle  (mesencephalon) ;  c,  cerebellum  ;  m  0,  me- 
dulla oblongata ;  1,  thalamencephalon  ;  A,  hemispheres ;  V,  infundibulom  ; 
Fig.  3  shows  the  several  curves  which  occur  in  the  course  of  development ; 
Fig.  4  is  a  lateral  >'iew,  showing  the  great  enlargement  of  the  cerebral  hemi- 
spheres which  have  covered  in  the  thalami,  leaving  the  optic  lobes,  m, 
uncovered  (Kttlliker). 

N.B.  In  Fig.  2  the  line  i  terminates  in  the  right  hemisphere,  it  ought  to 
be  continued  into  the  thalamencephalon. 
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In  tho  lower  Mammalia  the  backward  growth  of  the  hemi- 
tspheres  ceases  as  it  were,  but  in  the  higher  groups,  such  as  the 
monkeys  and  man,  they  grow  still  further  back,  until  they  com- 
pletely cover  in  the  cerebellum,  so  that  on  looking  down  on  the 
brain  from  above,  the  cerebellum  is  quite  concealed  from  view. 
The  surface  of  the  hemispheres  is  at  first  quite  smooth,  but  as 
€arly  as  the  third  month  the  great  Sylvian  fissure  begins  to  be 
formed  (fig.  395,  4). 

The  next  to  appear  is  the  parieto-occipital  or  perpendicular 
fissure ;  these  two  great  fissures,  milike  the  rest  of  the  siilci,  are 
formed  by  a  curv-iug  round  of  the  whole  cerebral  mass. 

Fig-  396.* 


In  the  sixth  month  the  fissure  of  Rolando  appears :  from  this 
time  till  tho  end  of  foDtal  life  the  brain  grows  rapidly  in  size,  and 
the  convolutions  appear  in  quick  succession ;  firat  the  great  pri- 
mary ones  are  sketched  out,  then  the  secondar}-,  and  lastly  the 
tertiary  ones  in  the  sides  of  the  fissures.  The  commissures  of  the 
brain  (anterior,  middle,  and  posterior),  and  the  corpus  caUosum, 
are  developed  by  the  growth  of  fibres  across  the  middle  line. 

Tho  Hippocampus  major  is  formed  by  the  folding  in  of  the  grey 
matter  from  the  exterior  into  the  lateral  ventricles.  The  essential 
points  in  the  structure  and  arrangement  of  the  various  parts  of 
the  brain,  are  diagrammatically  shown  in  the  two  accompanying 
figures  (figs.  397,  398). 


•  Fig.  396.  Side  view  of  fcetal  braiu  at  six  months,  showing  colnmeno^ 
ment  of  formation  of  the  principal  fissures  and  convolutions.  F^  frontal  lobe; 
P,  parietal  ;  0,  occipital  ;  T,  temporal ;  a  aOj  commencing  frontal  cohto- 
lutions  ;  s,  Sylvian  fissure  ;  s\  its  anterior  division ;  c,  within  it  the  centril 
lohc  or  island  of  Rcil ;  r,  fissure  of  Rolando ;  p,  perpendicular  fissure  (B- 
AVaguer). 
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Eye. — Soon  after  the  first  three  oerebral  vesiclea  have  become 

distinct  from  each  other,  the  anterior  one  sends  out  a  lateral 

vesicle    from    each    aide,    {primary    optio 

■F'?-  397-'  vcaicle),  which  grows  out  towards  the  free 

surface,  its  cavity  of  course  communicating 

with  that  of  the  cerebral  vesicle  through 

the  canal  iu  its  pedicle.     It  is  soon  met 

and  iuvagiuatcd  by  au  in-growing  process 

g    from  the  epiblast  (fig.  399),  vety  much  as 

the  growing  tooth  is  met  by  the  process 


of  epithelium  which  produces  the  cnmuel  organ.  This  jat)cess 
of  the  epiblast  is  at  first  a  depression  which  ultimately  becomes 
closed  io  at  the  edges  so  as  to  produce  a  hollow  ball,  which  is 


*  Fig.  397.  DiagTammatic  borutoatal  section  of  s  Vprtslimto  brain.  The 
fignres  serve  both  for  this  and  the  next  diagnin.  Mb,  mid  brain :  what  tins 
in  front  of  this  ia  the  fore-,  and  what  lies  bcliind,  the  hind-brain  ;  LI,  laniinB 
tCTiniralis;  0!f,  olfactory  lobes;  ffmp,  hemiBphcTes ;  Tli.E,  thalamencephalon ; 
Pn,  pineal  gland ;  Py,  pitnitaiy  body  ;  F.V,  foramen  of  Munro  ;  m,  corpna 
■triatnm  ;  TA,  optic  thnlnmus ;  CC,  crura  cerebri  :  the  toass  lying  above  tha 
canal  represents  the  corpora  quodrigcmiiia  ;  Cb,  cerebellum  ;  / — IX.,  the  nine 
pairs  of  cranial  nerves  ;  I.  olfactory  ventricle  ;  3,  lateral  ventricle  ;  3,  third 
ventricle ;  4,  fourth  ventricle  ;  +,  iter  a  tertio  ad  quattum  ventriCDlnm 
<Hoiley). 

t  Fig.  398.  I.ongitudinttl  and  vertical  diagrammatic  section  of  a  Ferleimle 
brain.  Letters  as  before.  Lamina  tenmnaiis  is  represented  by  the  strong 
blAclt  line  joining  Pii  and  Ff/  (Huxley). 
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Ipletcly  severed  &om  tho  epithelium  with  which  it  wu 

"1  cuntiauous.       From    this  hollow   ball    tho    cTystaUine 

Bevelopwt.     By  the  iugrowth  of   tho   leas  the    anterior 

ji'imui'y  optic  reaiule  is  forced  back  nearly  into  contact 

I  posterior,  imd  thua  the  primfwy  optic  vesicle  is  almost 

The  cells  in  the  anterior  wall  are  much  longer  than 

1  posterior  wiUl ;  from  the  former  the  i-etina  la  devc- 

o  tho  latter  the  choroid. 

-shaped  hollow  in  which  the  lens  is  now  lodged  is 
aououdary  optic  vesicle  :  its  walla  grow  up  nil  round, 
ivovor,  a  slit  at  the  lower  part. 

^•J-  399- * 
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and  coDseqaently  no  arterta  centralis  rotinie  exiata  in  them. 
But  they  possess  an  important  permanent  relic  of  the  original 
protrusion  of  the  mesoblast  through  the  choroidal  fissure,  form- 


ing the  peeten,  while  a  remnant  of  the  same  fisauro  sometimes 
occurs  in  man  under  the  name  coloboma  iridis.  The  cavity  of 
the  primary  optic  vesicle  becomes  completely  obliterated,  and  the 
retinal  rods  and  cones  come  into  apposition  with  the  pigment  of 
the  choroid.  The  cavity  of  its  pedicle  diaappeara  and  the  solid 
optic  nerve  is  formed,  Mennwhile  the  cavity  which  existed  in 
the  centre  of  the  primitive  lens  becomes  filled  up  by  the  growth 
of  fibres  from  its  posterior  wall.  The  epithelium  of  the  cornea 
is  developed  from  the  epiblast,  while  the  corneal  tissue  proper  is 
derived  from  the  mcsoblast  which  intervenes  between  the  epiblast 

*  Fig.  40a  Dingrammatic  sketch  of  a  verticallongitadinitl  section  throngh 
the  eyiball  of  a  humiiD  fcctus  of  four  wceka  (KoUikcr).  '-p. — The  section  is  a 
little  to  the  side,  bo  as  to  avoid  passing  through  the  ocular  dell ;  1:,  the 
cuticle  irhere  it  becomes  Inter  the  comea ;  I,  the  lens ;  <yp,  optic  nerve  formed 
by  the  peiUcle  of  the  primary  optic  vesicle  ;  rp,  pritoarj  mednllnry  cavity  or 
optic  vesicle ;  p,  the  pigment  layer  of  the  chcroid  coat  of  the  outer  wall ;  r, 
the  inner  wall  forming  the  retina  ;  rs,  eecondory  optic  vesitle  containing  the 
rudiment  of  the  vitreous  humour. 

t  Fig.  401.  TrnnBTersc  vertical  section  of  the  eyeball  of  a  human  embryo 
of  fonr  weelcH  (Kolliker).  1^.— The  anterior  half  of  the  section  is  represented  : 
pr,  the  remains  of  the  cavity  of  tlio  primary  optic  vesicle  ;  p,  the  inner  part 
of  the  onter  layer  forming  the  choroidal  pigment ;  r,  the  thickened  inner 
part  giving  rise  to  the  columnar  and  other  structures  of  the  retina  ;  r,  the 
commencing  vitreous  huiiiciir  within  the  secondnrv  optic  vesicle  ;  v',  the 
ocnlar  cleft  through  which  tlio  loop  of  the  cenlmi  blood-vessel,  a,  projecta 
firom  below  ;  /,  the  lens  with  a  cenltal  cavity. 
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primitive  lone  which  was  originally  continaous  with  it 
ntic  cuat  is  developed  round  the  eye-ball  from  the  general 
in  which  it  b  imbedded. 

8  ia  formed  rather  late,  ns  a  circidar  acptum  projecting 
Voni  the  fore  part  of  the  choroid,  Iwtween  the  lena  and 
t.     In  (he  eye  of  the  foetus  of  Mrunmalia,  the  pupil  ia 

F<!j.  402- ■ 
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sion  of  the  surface  occurs  on  each  side  of  the  head,  which  deepens 
and  soon  becomes  a  closed  follicle.  This  priinary  otic  vesicle^ 
which  closely  corresponds  in  its  formation  to  the  lens  follicle  m 
the  eye,  sinks  down  to  some  distance  from  the  free  surface  ;  from 
it  are  developed  the  membranous  labyrinth  of  the  internal  ear, 
consisting  of  the  vestibule  and  its  semicircular  canals  and  the 
scala  media  of  the  cochlea.  The  surrounding  mesoblast  gives 
rise  to  the  various  bony  and  cartilaginous  parts  enclosing  this 
membranous  labyrinth,  the  bony  semicircular  canals,  the  walls  of 
the  cochlea  with  its  scala  vcstibuli  and  scala  tympani.  In  the 
mesoblixst,  between  the  primary  otic  vesicle  and  the  brain,  the 
auditory  nerve  is  gradually  differentiated  and  forms  its  central 
and  peripheral  attachments  to  the  brain  and  internal  ear  respec- 
tively. 

The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the 
external  auditory  passage,  are  remains  of  the  first  branchial 
cleft.  The  membrana  tympani  divides  the  cavity  of  this  cleft 
into  an  internal  space,  the  tympanimi,  and  the  external  meatus. 
The  mucous  membrane  of  the  mouth,  which  is  prolonged  in  the 
form  of  a  diverticulum  through  the  Eustachian  tube  into  the 
tympanum,  and  the  external  cutaneous  system,  come  into  relation 
with  each  other  at  this  point ;  the  two  membranes  being  separated 
only  by  the  proper  membrane  of  the  tympanum. 

The  pinna  or  external  ear  is  developed  from  a  process  of 
integument  in  the  neighbourhood  of  the  first  and  second  visceral 
arches,  and  probably  corresponds  to  the  gill-cover  (operculum)  in 
fishes. 

Nose. — The  nose  originates  like  the  eye  and  ear,  in  a  depres- 
sion of  the  superficitd  epiblast  at  each  side  of  the  fronto-nasal 
process  (primary  olfactory  groove),  which  is  at  first  completely 
separated  from  the  cavity  of  the  mouth,  and  gradually  extends 
backwards  and  downwards  till  it  ojiens  into  the  mouth. 

The  outer  angles  of  the  fronto-nasal  process,  uniting  with  the 
maxillary  process  on  each  side,  convert  what  wjis  at  first  a  groove 
into  a  closed  canal. 

Development  of  the  Alimentary  CanaL 

The  alimentary  canal  in  the  earliest  stiiges  of  its  development 
consists  of  three  distinct  parts — the  fore  and  hind  gut  cndvckj^ 
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leach  end  of  the  body,  and  a  middle  aegnieut  which 

ntea   freely  on   its  ventral  Hurfaoe  with   the  cavity  i4 

:   through   the  viteUiue  or   omphiklo-mc3ent«nu  dtict 

I  fore-gut  are  formed  the  pharynx,  ffisophogus,  aad 
1  the  hiud-gut,  the  lower  end  of  the  colon  and  the 
IThe  mouth  is  developed  by  nninvolution  of  the  epiblast 

3  masillnry  and  mandibular  proceasea,  which  becomes 
I  deeper  till  it  reaches  the  bliud  eud  of  the  fore-gwt, 

Fl'j.  403', 
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from  the  free  surface  does  not  reach  the  intestine,  the  condition 
known  as  imperforate  anus  results.  A  similar  condition  may 
exist  at  the  other  end  of  the  ahmontary  canal  from  the  failure  of 
the  inTolution  which   forms  the  mouth,  to  meet  the  fore-gut. 


Pig.  40S.t 


The  middle  portion  of  the  digestive  canal  becomes  more  and 
more  closed  in  till  its  originally  wide  communication  with  the 
yelk-sac  becomes  narrowed  down  to  a  small  duct  (vitelline). 
This  duct  usually  completely  disappears  in  the  adult,  but  occa- 
sionally the  proximal  portion  remains  as  a  diverticulum  from  the 
intestine.  Sometimes  a  fibrous  cord  attaching  some  part  of  the 
intestine  to  the  umbilicus,  remains  to  represent  the  vitelline  duct. 
Such  a  cord  has  been  known  to  cause  in  after-life  strangulation  of 
the  bowel  and  death. 

The  alimentary  canal  lies  in  the  form  of  a  straight  tube  close 
betieath  the  vertebral  column,  but  it  gradually  becomes  divided 
into  its  special  parts,  stomach,  small  intestine,  and  large  intestine 

*  Fig.  404.     Firtit  appearance  ol  the  parotid  gland  in  tbe  embryo  of  a. 

t  Fig.  405.  Lobules  of  the  parotid,  with  tbe  ealivary  ducts,  in  the  embryo 
of  the  aheep,  at  a  mora  advanced  Bt.ige. 


GENERATION    AND    DEVELOPMENT.         [i-.iAr.  sxti. 

ind  lit  the  Biimc  time  comes  to  he  Biispended  iu  tho 
cavity  l>y  means  of  ft  lengthening  tneseutery  formod 
spluuchuopIeuTB   which   attaches    it   to    the    TortebnU 
Vho  stomach  origiiiaUy  biis  the  aanio  direction  as  the 
e   canal ;    its   tardiac    estrcaiity   being    superior,    it= 
erior.     Tho  changes  of  position  which  the  alimentary 
rgoes  may  ho  readily  gathered  from  the  accomjiaiiying 
■  403)- 

IS  and  Salivary  GlandB.— The   principal    glands   in 
with  the  iutestiual  canal  01*0  tito  soliTary,  pancreas,  awl 
Iu  Mimimalift,  each  aalirary  gland  first  appears  as  a 
lal  with  bud-like  processes  (tig.  404),  lying  Iu  a  gelati- 
ur  blaatfiii;!,  and  communicating  with  the  cavity  of  the 

Fig.  4W5.* 

^  '1  i  iSi 
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the   EUiliTar;  glands    are   formed  from    the   opiblast    lining  tho 
mouth. 

Liver. — The  liver  ia  developed  by  the  protrusion,  oa  it  were,  of 
a  part  of  the  walls  of  the  iutcstiaal  canal,  in  the  form  of  two 
conical  hollow  branches  which  embrace  the  common  venous  stem 
(figs.  406,  407).  The  outer  part  of  these  cones  involves  the  om- 
phalo-meBent«ric  vein,  which  breaks  up  iu  its  interior  into  a  plexus 
of  capillaries,  ending  in  veuoua  trunks  for  the  conveyaaca  of  the 
blood  to  the  heart.  The  inner  portion  of  the  cones  consists  of  a 
aumber  of  solid  cylindrical  masses  of  cells,  derived  probably  from 
the  hypoblast,  which  become  gradually  hollowed  by  the  formation 
of  the  hepatic  ducts,  aud  among  which  blood-vessels  are  rapidly 


r:;i.  437-' 


developed.  Tho  gland-cells  of  the  organ  are  derived  from  tho 
hypoblast,  the  connective  tissue  and  vessels  without  doubt  from 
the  mesoblast.  The  gall-bladder  is  developed  as  a  diverticulum 
from  the  hepatic  duct.  Tho  spleen,  lymphatic,  and  thymus  glands 
are  developed  from  the  mesoblast ;  the  thyroid  partly  also  from 
the  hypoblast  which  grows  into  it  as  a  diverticulum  from  the 
fore-gut. 

DeTalopment  of  tho  Bespirstory  Apparfttus. 
The  lungs,  at  their  first  development,  appear  as  small  tubercles, 
or  diverticula  from  the  abdominal  surface  of  the  onophagus. 

•  Fig.  407.  Rudiinenta  of  the  liver  on  the  intestinB  of  a  chick  at  tho  fifth 
daj  of  incnbatinn.  i,  heart ;  3,  tnt«Btiii«  ;  3,  diverticnloni  of  tho  inteatine  in 
which  the  liver  (4)  is  developed  ;  5,  part  of  tho  tnuconB  layer  of  the  germuiil 
■DombtaDe  (MUller). 
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3  diverticula  at  first  open  directly  into  the  ccBophagns, 
y  grow,  n.  separate  tube  (the  future  trachea)  ia  formed 
|)Liit  of  fusion,  opening  iuto  the  ccsopbngua  ou  its  imte- 
These  primary  diverticula  of  the  by|>ob1ast  of  the 
y  caiml  scud  off  secondary  brauchea  iuto  the  fiurruund- 
llast,  and  these  again  give  off  tertiary  branL-hea,  forming 


f 


Thus  vc  h&vc  the  lungs  formed  :  the  Gpithelium 

■  air-cells,   Immchi,  and   trachoa  being  derived  from 

,  and  all  the  rest  of  the  lung-tissue,  nerves,  lyai- 

■Iixxl- vessels,  cartilaginous  rings  and  muscular  fibres 
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cord  nuiniDg  longitudinally  on  each  side  in  the  mass  of  meao- 
blaat,  which  lies  juat  eitemal  to  the  protovcrtebne  (ung,  fig. 
409).  This  cord,  at  first  solid,  becomes  gradually  hollowed  oat 
to  form  Q  tube  (Wolffian  duct)  which  sinks  down  till  it  pro- 
jects b«neath  the  lining  membrane  into  the  pleuro -peritoneal  . 
cavity. 

The  primitive  tube  thus  formed  sends  off  secondary  diverticulft 
at  frequent  intervala,  which  grow  into  the  surrounding  mesoblaat : 
tufts  of  veasels  grow  into  the  blind  ends  of  these  tubes,  invaginat- 


Fi'j.  409.* 


ing  them  and  producing  "  Malptghian  bodies"  very  similar  in 
appearance  to  those  of  the  permanent  kidney,  which  constitute 
the  substance  of  the  Wolffian  body.  Meanwhile  another  portion 
of  mesoblast  between  the  Wolffian  body  and  the  mesentery 
projects  in  the  form  of  a  ridge,  covered  on  its  free  surface  with 
epithelium  termed  "  germ  epithelium."  From  this  projection  is 
developed  the  reproductive  gland  (ovary  or  testis  as  the  case  may 


•  Fir.  409.  Tranavcrae  of  embryo  cliick  (third  dny).  m  r,  radimcntary 
gpinal  cord  ;  tha  primitive  ccnlra!  canal  has  become  constricted  iti  the  middle ; 
eh,  notochord ;  uirA,  primordial  vertebral  inosa ;  m,  muscle-plate ;  dr,  df, 
hypoblast  and  visceral  layer  of  mesoblasl  lining  groove,  which  is  not  yet 
cloied  in  to  form  the  intestines  ;  a  n,  one  of  primilive  aorto! ;  u  n,  Wolffian 
body ;  wag,  WollGan  dnct  ;  0  c,  vena  cardinalis  )  k,  epiblast ;  h  p,  tomato* 
pleura  and  ita  reflection  to  form  af,  amniotic  fold ;  ji,  pleuroperitoneal  cavity 
<KdllilEer). 


(.;ESERATIC)N    AXD    nEVELOrMEST. 
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laly,  ou  the  outer  aide  of  the  Wolffian  bodj,'betwe«i 
Bbudy-wull  on  each  side,  an  involution  is  formed  from  the 
ical  cavity  in  the  form  of  a  longitudinal  fiuTow,  whose 
I  close  over  to  form  a  duct  {Muller's  duct). 

jve  ijoiiits  fti*c  shown  in  the  nccotnpanjing  figures, 
.  4"3- 

Pig.  41a' 
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of  tlie  epididymis  ;  and  thua  is  brought  about  u  direct  connoctiou 
between  the  secreting  part  of  the  testicle  and  its  duct  (Clelaud, 
fianks).  The  WolfBau  ducts  persist  in  the  male,  and  are  developed 
to  form  the  body  aud  globus  minor  of  the  epididymis,  the  vaa 
deferens,  and  ojaculatory  duct  on  each  side,  the  vesiculEO  seminales 


forming  diverticula  from  their  lower  part  la  the  female  a  small 
relic  of  the  Wolffian  body  persist*  as  the  "  parovariwm,"  in  the 
male  a  similar  relic  is  termed  the  "organ  of  Girald^."    The  lover 

*  Fig.  41 1.  Diagmm  shoviDg  the  relatious  of  the  female  (the  left-hanil 
figure  9)  and  of  the  male  (the  right  hanil  figure  j)  reproductive  organs  to 
the  general  plao  (the  middle  figure)  of  these  ot^ns  in  the  higher  vertebrata 
(iucludiug  man),  C  I,  cloaca :  11,  rectum :  B  t,  urinary  bladder  ;  V,  ureter ; 
K,  kidney ;  !/  h,  arethra  ;  (I,  genital  gland,  ovaiy  or  teslU ;  11',  Wolfliau 
body;  H'rf,  Wolffian  duct ;  J/,  Miillerian  duet  ;  P  »  (,  pi'ostate  glaud  ;  C  p, 
Cowper'a  gland  ;  C  s  p,  corpus  spongiosum  ;  C 1;  coriiua  cavemosuni. 

In  Vie  fiiaaU. —  V,  vagina ;  U  I,  uterus  ;  Fp,  Fallo|iinn  tube ;  G  t,  Gurt- 
ner's  duct ;  P  v,  parovarium  ;  A,  onus  ;  Cr,  Caji,  clitoria. 

In  the  }aalc.—  C'ip,  tV,  penis  ;  Ul,  ulerua  masculinus  ;  Vs,  veBiculft  semi- 
nalis;   Fi/,  t»»  defereus  (HiLxlej). 
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:  IrVolfGaji  duct  remains  in  the  fomalB  as  the  "  dnct  of 
which  descends  towtu-ds,  and  is  lost  upon,  the  anterior 
!  vagina. 

le  lower  end  of  the  Wolffian  duct  a  diverticulum  growi 
!  the  body  of  the  enabtjo  towards  its  anterior  extremity', 
itely  forms  the  ureter.     Secondary  diverticula  are  given 
aud  jJTow  into  the  surrounding  blastema  of  blood-vesaeU 

lian  Iwdiea  arc  formed  jiiat  aa  in  the  Wolffian  body,  by 
imtion  of  the  blind  knobbed  end  of  these  divertjcula  by 
essela  (fif,-.  4 1 2).     This  process  is  precisely  similar  to  the 
on  of  the  primary  optic  vesicle  by  the  rudimentary  lens, 
kidney  is  developed,  consisting  at  first  of  a  number  uf 
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Later  Development. 

The  first  appearance  of  the  generative  gland  has  been  ab*eadjr 
described  :  for  some  time  it  is  impossible  to  determine  whether  an 
ovary  or  testis  will  be  developed  from  it ;  gradually  however  the 
special  characters  belonging  to  one  of  them  appear,  and  in  either 
case  the  organ  soon  begins  to  assume  a  relatively  lower  position 
in  the  body ;  the  ovaries  being  ultimately  placed  in  the  pelvis ; 
while  towards  the  end  of  foetal  existence  the  testicles  descend  into 
the  scrotum,  the  testicle  entering  the  internal  inguinal  ring  in  the 
seventh  month  of  foetal  life,  and  completing  its  descent  through 
the  inguinal  canal  and  external  ring  into  the  scrotum  by  the  end 
of  the  eighth  month.  A  pouch  of  peritoneum,  the  processus  vaginalis^ 
precedes  it  in  its  descent,  and  ultimately  forms  the  timica  vaginalis 
or  serous  covering  of  the  organ ;  the  communication  between  the 
tunica  vaginalis  and  the  cavity  of  the  peritoneum  being  closed 
only  a  short  time  before  birth.  In  its  descent,  the  testicle  or 
ovary  of  course  retains  the  blood-vessels,  nei'vcs,  and  lymphatics, 
which  were  supplied  to  it  while  in  the  lumbar  region,  and  which 
are  compelled  to  follow  it,  so  to  speak,  as  it  assumes  a  lower  posi- 
tion in  the  body.  Hence  the  explanation  of  the  otherwise  strange 
fact  of  the  origin  of  these  parts  at  so  considerable  a  distance  from 
the  organ  to  which  they  are  distributed. 

Descent  of  the  Testicles  into  Scrotum. — The  means  by  which 
the  descent  of  the  testicles  into  the  scrotum  is  effected  are  not 
fully  and  exactly  known.  It  was  formerly  believed  that  a  mem- 
branous and  partly  muscular  cord,  called  the  gubemaculum  testts, 
which  extends  while  the  testicle  is  yet  high  in  the  abdomen,  from 
its  lower  part,  through  the  abdominal  wall  (in  the  situation  of  the 
inguinal  canal)  to  the  front  of  the  pubes  and  lower  part  of  the 
scrotum,  was  the  agent  by  the  contraction  of  which  the  descent 
was  effected.  It  is  now  generally  believed,  however,  that  such  is 
not  the  case ;  and  that  the  descent  of  the  testicle  and  ovary  is 
rather  the  result  of  a  general  process  of  development  in  these  and 
neighbouring  parts,  the  tendency  of  which  is  to  produce  this 
change  in  the  relative  position  of  these  organs.  In  other  words, 
the  descent  is  not  the  result  of  a  mere  mechanical  action,  by 
which  the  organ  is  dragged  down  to  a  lower  position,  but  rather 
one  change  out  of  many  which  attend  the  gi-adual  development 
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angcmciit  of  these  organs.     It  mny  bo  repeated,  how- 
the  details  of  the  process  by  which  the  descent  of  the 
,0  the  scrotum  is  effected  are  not  aceiirately  known. 
^ologue,  ill  the  female,  of  the  giiberuaculum  testis,  is  a 
called  the  round  ligament  of  tlie  vUrm,  which  extenils 
he  inguinal  canal,  from  tbo  outer  and  upper  part  of 
to  the  subcutaneous  tissue  in  front  of  the  syniphysis 

iry  early  stage  of  fcetal  life,  the  Wolffian  ducts,  ureters, 
rian  ducts,  open  into  a  receptacle  formed  by  the  lower 

Fh-  413* 
/          ""            1    (              "*        \ 

CHAP.  XXII.]         THE    GEXITO-URIXARY   ORGANS.  799 

opens  to  the  exterior  of  the  body  through  a  part  corresponding 
with  the  future  anus,  an  arrangement  which  is  permanent  in 
Reptiles,  Birds,  and  some  of  the  lower  Mammalia.  In  the  human 
footus,  however,  the  intestinal  portion  of  the  cloaca  is  cut  off  from 
that  which  belongs  to  the  urinary  and  generative  organs ;  a. 
separate  passage  or  canal  to  the  exterior  of  the  body,  belonging  to 
these  parts,  being  called  the  sinus  urogenitalis.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from 
before  backwards  or  from  above  downwards,  into  a  '  pars  urinaria ' 
and  a  'pars  genitalis.'  The  former,  continuous  with  the  urachus 
(p.  748),  is  converted  into  the  urinary  bladder. 

The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed 
from  the  Miillerian  ducts  (fig.  413,  w,  and  fig.  411)  whose  first 
appearance  has  been  already  described.  The  two  Miillerian  ducts 
are  united  below  into  a  single  cord,  called  the  genital  cordj  and 
from  this  are  developed  the  vagina,  as  well  as  the  cervix  and  the 
lower  portion  of  the  body  of  the  uterus  ;  while  the  ununited  por- 
tion of  the  duct  on  each  side  forms  the  upper  part  of  the  uterus, 
and  the  Fallopian  tube.  In  certain  cases  of  arrested  or  abnormal 
development,  these  portions  of  the  Miillerian  ducts  may  not 
become  fused  together  at  their  lower  extremities,  and  there  is  left 
a  cleft  or  homed  condition  of  the  upper  part  of  the  uterus  re- 
sembling a  condition  which  is  permanent  in  certain  of  the  lower 
animals. 

In  the  m^-le,  the  Mullerian  ducts  have  no  special  function,  and 
are  but  slightly  developed.  The  hydatid  of  Morgagni  is  the 
remnant  of  the  upper  part  of  the  Mullerian  duct.  The  small 
prostatic  pouch,  uterus  masculiuus,  or  si?ms  pocularis,  forms  the 
atrophied  remnant  of  the  distal  end  of  the  genital  cord,  and  is,  of 
course,  therefore,  the  homologue,  in  the  male,  of  the  vagina  and 
uterus  in  the  female. 

The  external  parts  of  generation  arc  at  first  the  same  in  both 
sexes.  The  opening  of  the  genito-urinary  apparatus  is,  in  both 
sexes,  bounded  by  two  folds  of  skin,  whilst  in  front  of  it  there  is 
formed  a  penis-like  body  surmounted  by  a*  glans,  and  cleft  or 
furrowed  along  its  under  surface.  The  borders  of  the  furrows 
diverge  posteriorly,  nmning  at  the  sides  of  the  genito-urinary 
orifice  internally  to  the  cutaneous  folds  just  mentioned  (sec 
figs.  414,  415,  417).     In  the  female,  this  body  becoming  retracted^ 
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forms  the  clitoris,  and  the  miiTgina  of  the  furrow  on  its  under 
surface  are  consertwi  into  the  nymphte,  or  labia  minora,  the  labia 
majora  pudendre  being  conittituted  by  tho  great  cutaneous  foldi. 
In  the  male  foetus,  tlie  margins  of  the  furrow  at  the  under  sur&ce 


Fig.  414.* 


•  Figs.  414,  415,  416,  and  417.  IMnary  tind  (jcnorative  organs  of  ,iliaui.in 
fcmalo  embryo,  mensuritig  jji  inches  in  iengtli. 

Fig.  414.  Gcnei-al  view  of  these  ports  :  1,  supra-rennlcnpanles:  i,kidiievs: 
3,  ovaiy  ;  4,  Fallopian  tube ;  5,  iiC«rus  ;  6,  iotestine ;  7,  the  Madder. 

Fig.  415.  Bladder  uud  genvrnttre  organs  of  the  same  embryo  Tieiml  ftoni 
the  aide  ;  n,  tlia  urinary  bliidder(atUie  upper  part  is  aportiou  of  the  urarhiul: 
a,  urethra  ;  3,  utenis  (witl^  two  cornun) ;  4.  vagina  ;  5,  part  aa  ret  cniiinion 
to  the  vagina  and  uralhra  ;  6,  common  oriHce  of  tho  urinary  anJ  gcncratiTe 
organs  ;  7,  the  clitoris. 

Fig.  416.  Internal  generati 70  organs  of  tlio  same  embryo :  i.thenterns; 
3,  the  round  ligaments  ;  3,  Ih''  Katlopian  tubes  iTormnt  by  the  MUlleriio 
ducts) ;  4,  the  ovaries ;  5,  the  i«maiin  of  tlin  'Wollflan  bodies. 

^ig-  417-  Eilcrnal  generative  organs  of  the  same  embryo  :  I,  the  libia 
majoni ;  2,  the  nvaiphss ;  3,  the  cltoris  ;  4,  anus  (llulUr'. 
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of  the  penis  unite  at  about  the  fourteenth  week,  and  form  that 
part  of  the  urethra  which  is  included  in  the  penis.  The  lai^e 
outaneous  folds  form  the  scrotum,  and  later  (in  the  eighth  month 
of  development),  reoeive  the  testicles,  which  descend  into  them 
from  the  abdominal  cavity.  Sometimes  the  urethra  is  not  closed, 
and  the  deformity  called  hypospadias  then  results.  The  appear- 
ance of  hermaphroditism  may,  in  these  cases,  be  increased  by  the 
retention  of  the  testes  within  the  abdomen. 


3  y 
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The  Chemical  Basis  of  the  Human  Body. 

Altogether  there  are  at  present  sixty-four  known  "  elements  "  or 
elementary  substances.  Of  these  elements,  no  less  than  seventeen 
have  been  found,  in  larger  or  smaller  quantities,  to  form  the 
chemical  basis  of  the  animal  body.  Certain  of  these  appear  acci- 
dentally, having  been  introduced  into  the  body  without  purpose, 
and  are  in  the  process  of  rejection,  having  performed  no  func- 
tion ;  but  although  this  may  be  true  of  some,  e.g,,  copper,  lead, 
and  aluminium  (of  which  traces  have  been  found),  it  must  not  bo 
inferred  that  because  an  element  exists  in  small  amount  in  the 
body,  it  is  therefore  unimportant. 

The  substances  occurring  in  largest  quantities  are  the  non- 
metallic  elements.  Oxygen,  Carbon,  Hydrogen,  and  Nitrogen — 
oxygen  and  carbon  making  up  altogether  about  85  per  cent,  of 
the  whole.  The  most  abundant  metallic  elements  are  Calcium, 
Sodium,  and  Potassium. 

The  following  table  represents  their  relative  proportion. — 
(Marshall). 


Oxygen 

Carbon     . 

Hydrogen 

Nitrogen  . 

Calcium 

Phosphoras 

Sulphur 

Sodium     . 

Chlorine 

Fluorine  . 

Potassium 

Iron* 

Magnesium 

Silicon 


72*0 

91 

2-5 

115 
•1476 
•I 

x)85 
•08 
•026 
•01 

XX>I2 
*O0O2 


ICG* 


^15  1 


ArrEXDtx. 

>imda. — It  ahould  uot  be  ima^uctt  that  the  elemeDtory 
!i    iibove-mcntioued   occur   free   or  uncombined    iu  the 
>dy  ;  cm  the  contrary,  they  are  hardly  ever  so  diucoveted, 
y  alwnya  uuito  among  thciuselvcs  iu  various  iiumljere, 
rinlile  proportions  to  form  "«i»j;»H«</«."  Several  elcmeuls 
i-evor,  been  detected  in  small  amount  free,  tracos  of  im- 
ari/geit  au<l  nitrogtu  have   beeu   fouud    iii   the  blood, 

io  and  Inorgfmio   Compounds. — It    was    formerly 
hat  the  more  complex  compounds  built  up  by  the  auimal 
bl(i  organism  were  peculiar,  and  could  uot  be  mndc  artifi- 
chcmiata  from  their  elemeutsj  mid  mider  this  idea  they 
ued  into  a  diatiuct  clnsa,  termed  orgaiik:     This  idea  has 
;u  up,  but  the  name  is  still  in  use,  with  a  different  sigui- 

rm  ojynnic  ia  now  applied  simply  io  the  compounds  of 
icnt  Carbon  irrespective   of  tbeir  complexity ;  chemists 
>und  that  theao  com[X)unds  are  so  numerous  and  im- 
aucl  that   they  include   all   those   to    irhich  the  term 
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Auotber  great  cause  of  the  instability  arises  from  the  fiict  that 
many  oiganic  compounds  contain  the  element  Nitrogen,  which  may 
be  called  negative  or  undecided  in  its  affinities,  and  may  be  easily 
separated  from  its  combination  with  other  elements. 

From  the  foregoing  it  is  evident  that  animal  tissues,  containing 
as  they  do  these  organic  nitrogenous  compounds,  are  extremely 
prone  to  undergo  chemical  decomposition,  and  this  is  especially 
the  case  since  they  also  contain  a  large  quantity  of  water,  a  condi- 
tion most  favourable  for  the  breaking  up  of  complicated  com- 
pounds. It  is  from  this  fact  that  in  the  consideration  of  the 
chemical  basis  of  the  body  we  meet  with  an  extremely  large 
nimiber  of  decomposition-products. 

In  treating  of  the  various  substances  found  in  the  animal 
organism  it  is  convenient  to  adopt  the  division  into— 


{Nitrogenous. 
2.  Inorganic, 


'•^'•^^^^iNon-Nitrogenous. 


I.  Organic. 

(a.)  Nitrogenous  hodia  take  the  chief  part  in  forming  the  solid 
tissues  of  the  body,  and  are  found  to  a  considerable  extent  in  the 
circulating  fluids  (blood,  lymph,  chyle),  the  secretions  and  ex- 
cretions. They  contain  often  in  addition  to  C  H  N  &  0  the 
elements  Sulphur  and  Phosphorus ;  but  although  the  composition 
of  most  of  them  is  roughly  known,  no  general  rational  formula 
can  at  present  be  given. 

Certain  classes  of  animal  nitrogenous  bodies  have  been  dis- 
tinguished, and  it  is  convenient  to  consider  them  under  the  heads 
of— 

(i.)  Albuminoids  or  Proteids. 
(2.)  Gelatinous  substances. 
(3.)  Decomposition  nitrogenous  bodies. 

(4.)  Certain  supposed  nitrogenous  bodies,  the  exact  composition 
of  which  has  not  been  made  out. 

(i.)  Albuminoids  or  Proteids  are  the  most  important  of  the  nitro- 
genous  animal  compounds,  one  or  more  of  them  entering  as 
essential  parts  into  the  formation  of  all  living  tissua     In  the 


1-lc,  ami  blood,  tliey  also  eiist  abundantly.  Their  atomic 
B  uutertaiii.     Their  compoaition  may  b«  takeu  as — 


Cfttljon 
Hydrogen     . 
Nitrogen   . 
Oxygpii         .        . 
Mulphiir     . 

from  si-5  to  54-5 

„    20-9  ..  "3-5 

".         -4  "          CHoppe-S^lOT) 

Pnqierliei.— Proteidfl 

are  nil  amorphoua  end  non-crysttLll 

ir  Bcurcely  any)  of  paesing  through 
libraries.  Tlicy  are  Bohiblc.btttundergoftlterfttion  in  composition 
^ids  nud  AlknlieB ;  BomB  are  soluble  in  water,  others  in  neutral 

ie,  EOmc  in  dilute  acids  and  alkalies,  few  in  alcohol  or  clhcr. 

IS  have  a  Icft-bnudcd  action  on  polnrificd  light. 
J  Prapertiet. — Certain  general  reactions  arc  given  for  prolcids. 
■little  yaried  in  each  particular  case  : — 

|.  solution  boiled  with  strong  nitric  acid,  liecomes  yellow,  and  this 

ycllowncBB  gets  darker  on  addition  of  ammonia  (xantho-protdc 

reaction), 
h'ilh  fcrrocyanide  of  potassium  and  acetic  acid  they  give  a  nhite 

{irocipitalc. 
a  trace  of  sulphate  of  copper  and  an  excess  of  potassium  Dt 

sodium  hydrate  thpy  give  a  purple  coloration, 
fith  Millon'M  reagent  (miied  nitrate  and  nitrite  of  mcrcTiry  I) 


APPENDIX.  807 

synovial  fluids,  and  the  tissues  generally ;  it  appears  in  the  urine 
in  the  condition  known  as  albuminuria.  Two  varieties  known  as 
metalhumin  and  paralbumin  have  been  described  as  existing  in 
dropsical  fluids  and  ovarian  cysts  respectively. 

II.  Derived  albumins  are  made  by  adding  dilute  acids  or 
alkalies  to  solutions  of  albiunin.  They  are  insoluble  in  water  or  in 
neutral  saline  solutions.  Both  the  native  albumins  and  the  next 
two  classes  of  proteids  generally  undergo  change  into  either  acid- 
or  alkali-albumin  on  the  addition  of  acids  or  alkalies,  and  food 
containing  either  albumins  or  globulins  change  first  of  all  into  one 
or  other  of  these  compoimds,  according  as  they  are  acted  upon  by 
the  gastric  or  pancreatic  juices  respectively.  Acid-albumin  is 
called  also  syntoniuy  and  is  either  identical  with  or  akin  to  it. 
Casein  is  very  probably  natural  alkali-albumin,  and  exists  in  milk, 
being  kept  in  solution  by  the  alkaline  phosphates ;  it  exists  also  in 
the  serum  and  serous  fluids  in  small  quantity,  and  in  muscle.  It 
is  not  coagulable  by  heat,  and  so  corresponds  with  the  other 
derived  albumins ;  it  is  obtainable  as  a  precipitate  by  neutralising 
milk  with  acid  (acetic).  Naturally  it  is  precipitated  in  sour  milk, 
on  the  formation  of  lactic  acid. 

III.  Globulins  which  comprise  the  fibrin-forming  substances  of 
the  blood  and  the  coagulable  material  in  muscle,  and  also  the 
principal  part  of  the  crystalline  lens,  yelk  of  egg,  kc^  are  soluble 
in  very  dilute  saline  solutions,  but  not  in  distilled  water  like  the 
albumins ;  on  addition  of  an  acid  or  alkali,  they  are  converted  into 
the  corresponding  derived  albumin. 

Varieties, 

(a.)  Globulin  or  CrygtaUin  is  prepared  by  rabblDg  up  the  crystalline  lens 
with  sand,  adding  water  and  filtering.  On  passing  a  current  of  carbonic 
acid  gas  (CO,)  through  the  filtrate,  globulin  is  precipitated.  In  properties, 
it  resembles  fibrinoplastin  and  fibrinogen,  but  cannot  apparently  produce 
fibrin  in  fluids  containing  either. 

(b.)  Myosin  can  be  prepared  (1)  from  dead  muscle  by  removing  all  fat, 
tendon,  &c.,  and  washing  repeatedly  in  water,  untU  the  washing  contains 
no  trace  of  proteids,  and  then  treating  with  10  per  cent,  solution  of  sodium 
chloride  which  will  dissolve  a  large  proportion  into  a  viscid  fluid,  which 
filters  with  difliculty.  If  the  viscid  filtrate  be  dropped  little  by  little  into 
a  large  quantity  of  distilled  water,  a  white  fiocculent  precipitate  of  myosin, 
will  occur.  Or  (2)  from  living  muscle  by  freezing  and  rubbing  up  in  a 
mortar  with  snow  and  sodium  chloride  solution  i  per  cent.,  a  fiuid  is  ob- 
tained which  on  filtering  is  at  first  liquid,  but  will  finally  clot,  the  clot  is 
myosin. 


APrE>T)IX. 

u  addition  of  dilate  acids,  diseolres  and  fonns  ^ntonin  or  Bcid- 

ght  Ihat  mj-otdn  doee  not  eiiat  as  sacli  in  living  muselc 

•scrum  diluted  with  lo  vols,  of  water,  by  piutaing  a  cnrrenl  ol 
id  gas  (COJ,  raid  collecting  the  fmc  precipitate  whlct  is  formed 
g  with  witer  coDtaining  carbomc  acid  gas.     The  current  ehoulJ 
3d  not  long  eonliuacd, 

■iiu'gcn  is  also  prepared  from  hydrocele  and  other  like  fluids  by 
I  pawiing  a  brisl:  current  of  carbonic  acid  gas  (CO,)  through  the 
nd  also  by  saturating  hydrocele  and  certuiu  other  floids  with 

:or  the  last  two  filobuliiis  is  that  tbcy  fomi  fibrin  under  certiun 
f  dissolved  in  ncntral  saline  NolntionH  and  mixed. 
Uin,  can  be  prepared  from  yelk  of  ^g,  in  which  it  is  probably 
rith  lecithin. 

arin  ia  a.  white  filamentous  l)ody  formed  in  the  sixin- 
oagiiliitioo  of  ccrtaiu  animul  fluids.     It  ia  congulated 
oBolublc  in   water,  except   (it  very  liigh  temperatures, 
I  dilute  Qcids  and  nlknlies  to   u  slight  degree,   and  in 
uti-al  Baliiic  KolutiL^nri.     Soliiljle  also  iii  stiMiig  .icida  imd 
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Kiihne  believes  that  ordinary  albumin  splits  up  under  the  action  of  the 
gastric  jnice  or  pancreatic  juice  into  two  parts,  one  called  awtialhwnote^  and 
the  other  hemialhumo9e,  and  further  that  antialbumose  becomes  antip^t4me 
and  hemialbumose,  hemipeptone.  The  difference  between  hemipeptone  and 
antipeptone  is  that  the  former  can  be  further  split  up  by  the  action  of  the 
pancreatic  juice.  He  belieres  that  antialbumose  is  closelj  allied  to  sjntonin, 
and  that  the  hemialbumose  is  more  like  myosin,  and  if  the  pepsin  be  feebly 
acting,  a  body  which  he  calls  antialbumate  appears,  which  cannot  be  con- 
verted into  peptone  by  gastric  juice,  but  can  by  pancreatic  juice.  Solutions 
of  HCl  or  H,  BO^,  can  under  favourable  circumstances  partially  change 
albumin  into  peptone. 

,  (2.)  Gelatinous  principles  include  : — (i.)  Gelatin ;  (2.)  Mucin  ; 
(3.)  Elastin  ;  (4.)  Chondrin ;  and  (5.)  Keratin.  They  are  very  like 
the  Proteid  group,  but  exhibit  considerable  differences  among 
themselves. 

(I.)  Gelatin  is  produced  by  boiling  fibrous  tissue,  or  by  treating  bones 
with  acids,  whereby  their  salts  are  dissolved,  leaving  the  framework  of 
gelatin,  which  is  soluble  in  hot  yrater. 

It  is  a  yellow,  amorphous,  transparent  body,  which  does  not  give  any  of 
the  proteid  reactions  if  pure,  insoluble  in  cold,  but  soluble  in  hot  water, 
forming  a  jelly  on  cooling.  Its  solutions  are  precipitated  by  tannin,  by 
alcohol  and  by  mercuric  chloride. 

(2.)  Mucin^  contained  in  mucus.    It  is  a  substance  of  ropy  consistency. 

Prepared  from  ox-gall  by  precipitation  with  alcohol,  and  afterwards  re- 
dissolving  in  water,  and  reprecipitating  with  acetic  acid.  It  may  be  also 
prepared  from  diluting  mucus  with  water,  filtering,  treating  the  insoluble 
portion  with  weak  caustic  alkali,  and  precipitating  with  acetic  acid.  It  is 
precipitated  by  alcohol  and  mineral  acids,  but  dissolved  by  excess  of  the 
latter— dissolved  by  alkalies.  It  gives  the  proteid  reaction  with  Millon's 
reagent,  but  not  with  cupric  sulphate.  It  is  not  precipitated  by  mercuric 
chloride  and  tannic  acid.    It  is  non-dialysable. 

(3.)  Elastin  is  the  basis  of  elastic  tissue,  it  is  soluble  only  in  strong 
alkalies  on  boiling,  strong  sulphuric  and  nitric  acids  dissolve  it  in  the  cold. 

(4.)  Chondrin  is  contained  in  the  matrix  of  hyaline  cartilage,  and  may  be 
extracted  by  boiling  with  water  and  precipitating  with  acetic  acid. 

(5.)  Keratin  is  obtained  from  hair,  nails,  and  dried  skin.  It  contains 
sulphur  evidently  only  loosely  combined. 

The  classificution  of  niti*ogenous  organic  bodies  into  Proteids  and 
Non-Proteids,  is  a  very  artificial  one,  but  is  the  best  which  has 
been  hitherto  proposed.  It  is  also  difficult  to  distinguish  between 
each  class,  the  only  broad  tests  which  seem  to  do  so  being  their 
solubility  in  various  reagents,  e.g.,  water,  acids,  saline  solutions,  &c. 
It  however  seems  probable  that  a  new  classification  will  have  to 
depend  upon  some  other  of  their  properties  which  has  not  at 
present  been  fixed  upon. 
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(3.)  Decomposition  Nitrogenous  products, — These  are  formed 
by  the  chemical  actious  which  go  on  in  digestion,  secretion,  and 
nutrition. 

General  composition. — Before  considering  the  characters  of  each 
individual  substance,  it  will  be  as  well  to  show  their  general  composition,  as 
far  as  such  is  known. 

Most  of  the  compounds  are  amides,  which  are  acids  in  which  amidogeM, 
NH„  is  substituted  for  hydroryl,  OH.  Amides  may  also  be  represented  as 
obtained  from  the  ammonium  salts  by  abstraction  of  water,  or  as  derived  from 
one  or  more  molecules  of  ammonia,  NH„  by  substituting  acid  radicals  for 
hydi*ogen.  Thus  acetamide  may  be  written  in  any  of  the  following  ways  :— 

C  H,  C  H-  )       xj   r\ 

CONH,  COOXH,  {   -^t^ 


or 


(c.  H  oy 

H' 

(C,  H3  O)  being  the  radical  of  acetic  acid. 

Varieties. — Several  of  the  varieties  of  amides  are  represented  in  the  pro- 
ducts with  which  we  have  to  do. 

(a.)  MoTiamides  which  are  deriveti  from  a  monatomic  acid — that  is  to  say, 
an  acid  which  contains  the  carboxyl  group,  COOH,  once,  by  the  substitution 
of  NH,  for  OH  in  this  gi*oup.  In  these  comjwuuds  if  only  one  of  the  H  in 
NH,  is  replaced  by  an  acid  radical,  a  primary  monamide  is  formed ;  if 
two,  by  acid  or  alcohol  radicals,  a  secondary  monamide  ;  if  three,  by  acid  or 
alcohol  radicals,  a  tertiary  monamide. 

Two  monamides  are  also  formed  from  each  diatomic  acid  (2>.,  those  which 
contain  OH  twice,  once  in  the  carboxyl  group  COOH,  and  once  in  the 
alcohol  group  C,  Hj,  OH),  both  by  the  substitution  of  NH,  for  OH,  and 
therefore  having  the  same  composition.  They  are  isomeric  and  not  identical 
however,  the  one  formed  by  the  substitution  of  NH,  for  the  alcoholic  OH 
being  acid,  while  the  other  formed  by  the  replacement  of  the  basic  hydroxjl 
is  neutral.  The  acid  amides  are  called  amio  acids,  or  may  form  a  class  by 
themselves,  called  alanines. 

Three  amides  are  obtained  from  each  diatomic  and  bibasic  acid  : — (i.)  An 
acid  amide  or  amic  acid,  derived  from  the  acid  ammonium  salt  by  abstrac- 
tion of  one  molecule  of  water.  (2.)  A  neutral  monamide  (or  imide)^  derived 
by  abstraction  of  two  molecules  of  water  from  the  ammonium  salts.  (3.)  A 
neutral  amide  or  (b)  Diamide,  derived  from  the  ammonium  salt  by  abstrac- 
tion of  two  molecules  of  water.    Thus  succinic  acid  gives  :— 

Succinamic  Acid  .        .        .     C^  H^      J  pQ  q„* 

Succinimidc ^2  ^«      }  CO  I   ^^ 

SuccmamldG         .        .        .        •     C^  H^    (CO  NH,^ 
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(a)  PRIMABY  MOKAMIDES. 

Glycilly  glyooool  op  glycocin,  or  amido-acetic  acid — 

(C,  H3  0,)' )  n  H  o ) 

occurs  in  the  body  in  combination,  as  in  the  biliary  acids  and  in  hippuric 
acid,  never  free.  It  can  be  prepared  from  gelatin  by  the  action  of  acids  or 
alkalies,  it  can  also  be  obtained  from  hippuric  acid. 


Leucin 


Cfi  H„  0, 1  C  H  0  ) 

in,  or  amido-caproic  acid,     H  >0N,  or    ^^"jr    >0 

occurs  normallj  in  many  of  the  organs  of  the  body  and  is  a  product 
of  the  pancreatic  digestion  of  proteids.  It  is  present  in  the  urine 
in  certain  diseases  of  the  liver  in  which  there  is  loss  of  substance, 
especially  in  acute  yellow  atrophy.  It  occurs  in  circular  oily  discs 
or  crystallises  in  plates,  and  can  be  prepared  either  by  boiliug  horn 
shavings,  with  sulphiiric  acid,  or  out  of  the  products  of  pancreatic 
digestion. 

CaH  0,1 
Sarcosin  may  be  considered  as  methyl  glycin,     CU,     V  K.     It  is  a 

constituent  of  kreatin,  but  has  never  been  found  free  in  the  human  body. 

Nourill  is  an  unstable  body,  which  has  been  found  in  ox  and  pig's  gall. 

C.H,1 

Taiirin,  0,  H,  NS0«  or  SO,  HO  VN ;  or  amido-isethionic  acid,  is  a  con- 

H'J 
stitnent  of  the  bile  acid,  taurocholic  acid,  and  is  found  also  in  traces  in  the 
muscles  and  lungs. 

Cystin,  C,  H,  NSO,  occurs  in  a  rare  form  of  urinary  calculus,  which  is 
only  formed  in  a  urine  of  neutral  reaction.  It  can  be  crystallised  in  hexagonal 
laminae  of  pale  yellow  colour,  becoming  greenish  on  exposure  to  light. 

C,  H,  NO3,  or  C,  H3  0, 
Hippuric  Acid.  C^  H,  0    V  N,  or  benzolglycin. 


C,H3  0,) 


is  a  normal  constituent  of  human  urine,  but  the  quantity  excreted 
is  increased  by  a  vegetable  diet,  and  therefore  it  is  present  in 
greater  quantities  in  the  urine  of  herbivora.  It  may  be  decom- 
posed by  acids  into  glycin  and  benzoic  acid. 

It  crystallises  in  semi-transparent  rhombic  prisms,  almost  in- 
soluble in  cold  water,  soluble  in  boiling  water.     (See  also  p.  456). 

Tyrosiny  C^  Hj^  NO^  is  found,  generally  with  leucin,  in  certain  glands, 
f  .^.  pancreas  and  spleen,  and  chiefly  in  the  products  of  pan.ccQi8h\i<(^  ^%i^M<^w 
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or  of  the  pntrefaction  of  protdds.  It  is  found  in  the  mine  in  some  diaeases 
of  the  liver,  especially  acute  yellow  atrophy. 

It  cry8talli8e8  in  fine  needles,  which  collect  into  feathery  masses.  It  giTCs 
the  proteid  test  with  Millon^s  reagent,  and  heated  with  strong  sulphoric 
acid,  on  the  addition  of  ferric  chloride  gives  a  violet  colour. 

Lecithilly  C^,  Hg«  P  NO^,  is  a  phosphoretted  fatty  body,  which  has  been 
found  mixed  with  cerebrin,  and  oleophosphoric  acid  in  the  brain.  It  is  also 
found  in  blood,  bile  and  serous  fluids,  and  in  larger  quantities  in  nerves,  pus, 
yelk  of  egg,  semen,  and  white  blood-corpuscles.  On  boiling  with  adds 
it  yields  cholin,  glycero-phosphoric  acid,  palmic  and  oldc  acids. 

Cerebrin,  C^^  Hg,  NO,,  is  found  in  nerves,  pu8H»)rpa8cle8,  and  in  the 
brain.  Its  chemical  constitution  is  not  known.  It  is  a  light  amorphous 
powder,  tasteless  and  odourless.  Swells  up  like  starch  when  boiled  with 
water,  and  is  converted  by  acids  into  a  saccharine  substance  and  other  bodies. 

(6.)  Primary  Diamides  or  Ureas. 

Urea,  (NH,),  GO,  is  the  last  product  of  the  oxidation  of  the 
albuminous  tissues  of  the  body  and  of  the  albuminous  foods.  It 
occurs  as  the  chief  nitrogenous  constituent  of  the  urine  of  man, 
and  of  some  other  animal&  It  has  been  found  in  the  blood  and 
serous  fluids,  lymph,  and  in  the  liver. 

Properties. — Crystallises  in  thin  glittering  needles,  or  in  prisms 
with  pyramidal  ends.  Easily  soluble  in  water  and  alcohol,  in- 
soluble in  ether,  easily  decomposed  by  strong  acids,  readily  forms 
compounds  with  acids  and  bases,  of  which  the  chief  are  (NH,).. 
COHNO3,  urea  nitrate,  and  ((N  H,),  CO),  H,  C,  O,  +  H,  0,  urea 
oxalate. 

Constitution. — It  is  usually  considered  to  be  a  diamide  of  car- 


bonic  acid  which  may  be  written    H^    N,,  or  CO  -j^  tt 


^^  NH 

H.    N^orCO^i}^ 


which 


is  CO  (H0)„  with  (OH)'^  replaced  by  (NK)',.  Some  think  it 
a  monamide  *of  carbamic  acid,  CO,  OH,  NHg,  thus  CO,  NH,  KH,, 
with  one  atom  of  NH^,  or  amidogen  in  place  of  one  of  hydroxyl  OH. 

Urea  is  isomeric  with  ammonium  cyanate  ^5  •{  q^tt    from  which 

it  was  first  artificially  prepared. 

Kreatin,  C^  Hp  N,  0„  is  one  of  the  primary  products  of  muscular  dis- 
integration.  It  is  always  found  in  the  juice  of  muscle.  It  is  genert^J 
decomposed  in  the  blood  into  urea  and  krcatinin,  and  seldom,  miless  nn^^ 
abnormal  circumstances,  appears  as  such  in  the  urine.  Treateti  with  citb^ 
sulphuric  or  hydrochloric  acid,  it  is  converted  into  kreatinin  ;  thus — 
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tiniOLy  0«  Hf  N3  O,  is  present  in  human  urine,  derived  from  oxida- 
reatin.    It  does  not  appear  to  be  present  in  muscle. 

((?.)  XJrbides. 

ies  are  a  third  variety  of  amides,  and  may  be  considered 
s  in  which  part  of  the  hydrogen  is  replaced  by  diatomic 
licals.     Monoureides  contain  one  acid  radical  and  one  urea 
;  and  diureides,  one  acid  radical  and  two  urea  residues. 
5  Add,  Cj  H^  N^  O3,  occurs  in  the  urine,  sparingly  in 

urine,  abundantly  in  that  of  birds  and  reptiles,  where  it 
nts  the  chief  nitrogenous  decomposition  product   It  occurs 

the  blood,  spleen,  liver,  and  sometimes  is  the  only  con- 
t  of  lu-inary  calculi.  It  is  probably  converted  in  the  blood 
rea  and  some  carbon  acid.  It  generally  occurs  in  vaine 
bination  with  bases,  forming  urates,  and  never  free  unless 
ibnormal  conditions.  A  deposit  of  urates  may  occur  when  the 
i  concentrated  or  extremely  acid,  or  when,  as  dming  febrile 
rs,  the  conversion  of  uric  acid  into  urea  is  incompletely 
aed. 

>erties,  — Crystallises  in  many  forms,of  which  the  most  common 
00th,  transparent,  rhomboid  plates,  diamond-shaped  plates, 
nal  tables,  &c.  Very  insoluble  in  water,  and  absolutely  so 
hoi  and  ether.  Dried  with  strong  nitric  acid  in  a  water 
it  gives  a  beautiful  violet  red  with  ammonium  hydrate 
10)  {murexide),  the  compound  formed  with  nitric  acid  when 
ried  is  a  pink  substance  called  alloxan  ;  this  gives  a  blue 
with  potassium  hydrate.  It  is  easily  precipitated  from  its 
ns  by  the  addition  of  a  free  acid.  It  forms  both  acid  and 
I  salts  with  bases.  The  most  soluble  urate  is  lithium  urate. 
podtian, — ^Very  uncertain,  as  it  has  not  been  produced 
^y,  neither  is  it  easily  decomposed ;  it  may  be  regarded  as 
ie  of  tartronic  acid.     The  chief  product  of  its  decomposition 


iUf  C^  Hs  Ng  O,  has  been  found  iii  the  human  liver,  spleen,  and  faeces, 

3  not  occur  as  a  constant  product. 

hifif  C,  H^  N^0„  has  been  obtained  from  the  liver,  spleen,  thymus, 

and  the  blood.    It  is  found  in  normal  urine,  and  is  a  constituent  of 

rare  urinary  calculi. 

xanthin,  C,  H^  N^  O,  or  $arJtln^  is  found  in  juice  of  flesh,  in  the 

thymus,  and  thyroid. 


I.  N,  O,,  fouiul  in  the  nllanloic  fluid  nf  the  fcctns.  and  in 
lals  fur  a  short  perind  after  their  birth.     It  is  one  of  the 
irix!uct«  a!  aric  ncid.  nod  ou  oxidation  (riven  area. 

I  to  the  aiaides,  and  probably  related  to  them,  are 
l>loiiring  and  exercmcntitious  matters,  vbitb  are  also  most 
iuct  decomposition  compounds. 

Figments,  &c. 
I,  C,  H,  NO,,  is  the  l>cft  known  of  the  hile  pigments.  It  is  bcfl 
ktracting  inspissated  bile  or  gall  stones  with  water  (whicb  dis- 
I  BaltB,  &C.),  then  with  alcohol,  which  takes  out  cholesterin,  fatf;. 
T  fteids.  Hydrochloric  acid  is  then  added,  which  decomposea  the 
If  hUimbin  and  remorcH  the  lime.  After  extractinR  with  alcohol 
I  the  residue  is  dried  and  finally  extracted  with  chloroform.  II 
l  of  a  bittish-red  colonr.    It  ia  ntlied  in  composition  to  hxmada. 

1,  C,  H,  NO,,  is  tuade  by  paesiug  a  curreot  of  air  through  an 
Hlution  of  bilirubin,  and  by  precipitation  with  hydrochloric  add. 
n  pigment. 

C,  H,,  NO,,  is  made  by  treatinp  gall  alone*  with  ether,  then 
id,  and  extracting  with  absolute  oloohol.  It  is  a  Don-crystid- 
o  pigment. 

a  pigment  of  n  green  colour,  wbich  can  l>e  obtained  from 

n  (Stneilcler)  ia  a  dark  broTm  eartb;-.lool;ing  siibflnncc.  ot  wliich 
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the  yeast  cell,  and  disappears  as  soon  as  the  cell  dies,  neither  can 
any  substance  be  obtained  from  the  yeast  by  means  of  precipita- 
tion with  alcohol  or  in  any  other  way  which  has  the  power  of 
exciting  the  ordinary  change  produced  by  yeast. 

(2.)  Unorganised  or  soluble  ferments  are  those  which  are  found 
in  secretions  of  glands,  or  are  produced  by  chemical  changes  in 
animal  or  vegetable  cells  in  general;  when  isolated  they  are 
colourless,  tasteless,  amorphous  solids  soluble  in  water  and 
glycerin,  and  precipitated  from  the  aqueous  solutions  by  alcohol 
and  acetate  of  lead  Chemically  many  of  these  are  said  to  contain 
nitrogen. 

JHode  of  action. — ^Without  going  into  the  theories  of  how  these 
unorganised  ferments  act,  it  will  suffice  to  mention  that : 

(i.)  Their  activity  does  not  depend  upon  the  actual  amount  of 
the  ferment  present.  (2.)  The  activity  is  destroyed  by  high 
temperature,  and  various  concentrated  chemical  reagents,  but  in- 
creased by  moderate  heat,  about  40  C,  and  by  weak  solutions  of 
either  an  acid  or  an  alkaline  fluid.  (3.)  The  ferments  themselves 
appear  to  undergo  no  change  in  their  own  composition,  and  waste 
very  slightly  diuing  the  process. 

Varieties. — The  chief  classes  of  unorganised  ferments  are : — 

(i.)  i4my^o^y<tc  ferments  which  possess  the  property  of  convert- 
ing starch  into  glucose.  They  add  a  molecule  of  water,  and  may 
be  called  hydrolytic.     The  probable  reaction  is  as  follows  : 

3  C,H,oO,  +  3  H,o  =  C.H„  O,  +  2  C,H,oO.  =  3  C.  H,,  O, 
Starch         Water       Glucose  Dextrin  Glucose. 

This  shows  that  there  is  an  intermediate  reaction,  the  starch 
being,  first  turned  only  partly  into  glucose  and  principally  into 
dextrin,  which  is  afterwards  further  converted  into  glucose.  The 
principal  amylolytic  ferments  are  Ftyalin,  found  in  the  saliva, 
and  a  ferment,  probably  distmct,  in  the  pancreatic  juice  called 
Ami/lopsin,     These  both  act  in  an  alkaline  medium. 

ConverHon  of  starch  into  sugar. — With  reference  to  the  action  of  the 
amylolytic  ferments,  recent  observations  have  shown  that  the  starch  molecule 
is  not  by  any  means  so  simple  as  it  has  been  represented  above.  As  it  is  said 
that  starchy  materials,  in  the  form  of  wheat  and  other  cereals,  and  in  the 
potato  or  its  substitutes,  form  two-thirds  of  the  total  food  of  man,  it  is  very 
important  that  we  should  note  (i)  the  changes  which  occur  in  starch  on 
cooking,  and  (2)  the  scries  of  reactions  it  undergoes  during  its  conversion, 
by  the  amylolytic  ferments  into  sugar. 
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(i.)  The  object  of  this  change  is  to  produce  geUtinoiis  or  solnble  starch. 
A  starch  granale  consists  of  two  parts :  an  enyelope  of  eettulotey  which  gires 
a  blue  colour  with  iodine  on  addition  of  sulphuric  add,  and  of  yranmhte^ 
which  is  contained  within  it,  giving  a  blue  with  iodine  alcme.  Brttcke  states 
that  a  third  body  is  contained  in  the  granule,  which  gives  a  red  with  iodine, 
viz.,  ertfthro-ffranuJase.  On  boiling,  the  granulose  swells  up,  bursts  the 
envelope,  and  the  whole  granule  is  more  or  less  completely  converted  into 
a  paste  or  into  mucilaginous  gruel. 

(2.)  Changes  which  occur  on  addition  of  an  amylolytic  ferment.  On  the 
addition  of  saliva  or  extract  of  pancreas  to  gelatinous  starch,  the  first  change 
noticed  is  that  the  paste  liquifies  very  quickly,  but  the  liquid  does  not  give 
the  reaction  for  dextrin  or  for  sugar  ;  but  soon  this  latter  reaction  appears, 
increasing  very  considerably  and  quickly,  although  at  first,  in  addition,  a 
reaction  of  crythrodextrin,  a  red  on  addition  of  iodine,  is  found ;  as  the 
sugar  increases,  however,  this  disappears.  At  first  the  eiythrodextrin  is 
mixed  with  starch,  as  the  reaction  is  a  reddish  purple  with  iodine,  then  it 
is  a  pure  red,  and  finally  a  yellowish  brown.  As  the  sugar  continues  to 
increase  the  reaction  with  iodine  disappears,  but  it  is  said  that  dextrin  is 
still  present  in  the  form  of  achroo-dextrines,  which  give  no  reaction  with 
that  reagent.  However  long  the  reaction  goes  on,  it  is  unlikely  that  all  the 
dextrin  becomes  sugar. 

Next  with  regard  to  the  kind  of  sugar  formed,  it  is,  at  first  at  any  rate, 
not  glucote  but  maltote^  the  formula  for  which  is  Cj,  H„  0„.  Maltose  is 
allied  to  saccharose  or  cane  sugar  more  nearly  than  to  glucose ;  it  is  crystal- 
line ;  its  solution  has  the  property  of  polarising  light  to  a  greater  degree 
than  solutions  of  glucose ;  is  not  so  sweet,  and  reduces  copper  oxide  less 
easily.  It  can  be  converted  into  glucose  by  boiling  with  dilute  adds. 
According  to  Brown  and  Heron  the  reactions  may  be  represented  thus  :— 
One  molecule  of  gelatinous  starch  is  converted  into  n  molecules  of  soluble 

starch. 
One  molecule  of  soluble  starch  =  lo  (C,,  H^  O^^  +  8  (H,  O) 
=  I.  Erythro-dextrin  (giving  red  with  iodine)  Iftaltose. 

9  (C,,  H„  0,„)  +  (C„  H„  0„) 

=  2.  Erythro-dextrin  (giving  yellow  with  iodine)        Maltose. 

8  (C„  H^  0,„)  +  2  (C,,  H„  0,,) 

=  3.  Achroo-dextrin  Maltose. 

7  (C„  H«  O,^)  +  3  (C„  H„  O,,) 
And  so  on  ;  the  resultant  l)eing  : — 

10  (C„  H^  0,„)  +  8  (H,  O)  =  8  (C„  H„  0,,)  +  2  (C„  H^  0  J 
Soluble  starch         Water  Maltose  Achroo-dextrin. 

Pancreatic  juice  and  intestinal  juice  are  able  to  turn  the  achroo-dextrin 
which  remains  into  maltose,  and  maltose  into  glucose  (dextrose).  It  is 
doubtful  whether  saliva  possesses  the  same  power. 

(2.)  Proteolytic  ferments  convert  proteids  into  peptonea.  The 
nature  of  their  action  is  probably  hydrolytic.  The  proteolytic  fer- 
ments of  the  bixiy  are  caUed  pepsin^  acting  in  an  acid  medium  from 
the  gastric  iviice.     Trypsin,  acting  in  an  alkaline  medium  from  the 
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pancreatic  juice.    The  succus  entericus  is  said  to  contain  a  third 
sooh  ferment. 

(3.)  Invernve,  which  convert  cane  sugar  or  mcclMivse  into  grape 
sugar  or  glucose.  Such  a  ferment  was  found  by  Claude  Bernard 
in  tbe  sucous  entericus. 

a  C„  H„  0„  +  2  H,  O  =  C„  H.,  O,.  +  C„  H.,  O,, 
Saccharose         Water         Dextrose         Lasvulose. 

(4.)  Ferments  which  act  upon  fats,  such  a  body  called  Steaptiuy 
has  been  found  in  pancreatic  juice. 

The  ferments  amylopsinj  trypsin^  and  fteajmUj  are  said  to  exist  separately 
in  pancreatic  juice,  and  if  so,  make  up  what  was  formerly  called  pancreatine 
and  which  was  said  to  have  the  functions  of  the  three. 

(5.)  Milk-curdling  ferments.  It  has  long  been  known  that 
rennet,  a  decoction  of  the  middle  stomach  of  a  calf,  in  brine,  pos- 
sessed the  power  of  curdling  milk.  This  power  does  not  depend 
upon  the  acidity  of  the  gastric  juice,  since  the  curdling  will  take 
place  in  a  neutral  or  alkaline  medium;  neither  does  it  depend 
upon  the  pepsin^  as  pure  pepsin  scarcely  curdles  milk  at  all,  and 
the  rennet  which  rapidly  curdles  milk  has  a  very  feeble  proteolytic 
action.  From  this  and  other  evidence  it  is  believed  that  a  distinct 
nOk-curdling  ferment  exists  in  the  stomach.  Dr.  W.  Roberts  has 
shown  that  a  similar  (but  distinct  1)  ferment  exists  in  pancreatic 
extract,  which  acts  best  in  an  alkaline  medium,  next  best  in  an 
add  medium,  and  worst  in  a  neutral  medium.  The  ferment  of 
rennet  acts  best  in  an  acid  medium,  and  worst  in  an  alkaline,  the 
reaction  ceasing  if  the  alkalinity  be  more  than  slight. 

In  addition  to  the  above  ferments,  many  others  most  likely 
exist  in  the  body,  of  which  the  following  are  the  most  important : 

6.  Fibrin-forming  ferment  (Schmidt). 

7.  A  ferment  which  converts  glycogen  into  glucose  in  the  liver. 
S.  Urinary  ferments. 

(6.)  Organic  non-nitrogenous  bodies  consist  of— -(i.)  Oils  and  fats. 
(a)  Acids.     (3.)  Starch,  dbc. 

(I.)  Oils  and  Fat^ 


Sajypnifiahlv. 

Xon-saponifidble, 

Palmitin 

Lg|  n^  \)^ 

Cholestcrin        .        .    C.^  H^  O 

Stearin    . 

.     ,     (_g^  -"^no  ^*8 

Serdin      \                     « 
Stcrcorin^    '        •    •    ^ 

Olein  . 

.    C„  H„,,  0^ 

Excrctiu    .        .        .    e,^^^^^Q 

'^  ^ 
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Constitutton, 

The  Saponifiahle  fats  are  formed  by  the  union  of  fittty  acid 
radicals  with  the  triatomic  alcohol,  glycerin  C,  H^  (OH),.  The 
radicals  are  0,8  Hjj  0,  C^H,,  0,  and  C,8  H^,  0,  resp^vely. 

Human  fat  consists  of  a  mixture  of  palnutin,  stearin^  and  oMt, 
of  which  the  two  former  contribute  three-quarters  of  the  whole. 
Olein  is  the  only  liquid  constituent. 

General  characteristics. — Insoluble  in  water  and  in  cold  alcohol; 
soluble  in  hot  alcohol,  ether,  and  chloroform.  Colourless  and  taste- 
less ;  easily  decomposed  or  saponified  by  alkalies  or  super-hetted 
steam  into  glycerin  and  the  fatty  acids. 

Non' Saponifiahle. — C^iolesterin,  C^  H^  0,  is  the  only  alcohol 
which  has  been  found  in  the  body  in  a  free  state.  It  occurs  in 
small  quantities  in  the  blood  and  various  tissues,  -and  forms  the 
principal  constituent  of  gall-stones.  It  is  soluble  in  ether,  chloro- 
form, or  benzol. 

Excretin  (Marcet),  and  Stercorin  (Fliut),  are  crystalline  fatty 
bodies  which  have  been  isolated  from  the  faeces. 

(2.)  Amyloids. 

Amyloids. — Under  this  head  arc  included  both  starch  and 
sugar.  These  substances,  like  the  fats,  contain  carbon,  hydrogen, 
and  oxygen  ;  but  the  last  named  element  is  present  in  much  laiger 
relative  amount,  the  hydrogen  and  oxygen  being  in  the  proportion 
to  form  water. 

The  following  varieties  of  these  substances  are  found  in  health 
in  the  body. 

(a)  Glycogen  (Cg  H^^  O5). — This  substance,  which  is  identical 
in  composition  with  starch,  and  like  it,  is  readily  converted  into 
sugar  by  ferments,  is  found  in  many  embryonic  tissues  and  in 
xill  new  formations  where  active  cell-growth  is  proceeding.  It  is 
present  also  in  the  placenta.  After  birth  it  is  found  almost  ex- 
•clusively  in  the  liver  and  muscles. 

Glyeogeu  is  formed  chiefly  from  the  saccharine  matters  of  the 
food ;  but  although  its  amount  is  much  increased  when  the  diet 
largely  consists  of  starch  and  sugar,  these  are  not  its  onlv  source. 
It  is  still  formed  when  the  diet  is  flesh  only,  by  the  decomposition, 
probably,  o^  ?ilbwt\\\ii  into  glycogen  and  urea. 
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The  destination  of  glycogen  has  been  considered  in  a  former 
chapter.     (See  Liver.) 

(6)  Glucose  or  grape-^ugar  (C^  H„  O^-f  H^  0)  is  found  in 
minute  quantities  in  the  blood  and  llyer,  and  occasionally  in  other 
parts  of  the  body.  It  is  derived  directly  from  the  starches  and 
sugars  in  the  food,  or  from  the  glycogen  which  lias  been  formed 
in  the  body  from  these  or  other  matters.  However  formed,  it  is 
in  health  quickly  burnt  oflf  in  the  blood  by  union  with  oxygen, 
and  thus  helps  in  the  maintenance  of  the  body's  temperature. 
Like  other  amyloids  it  is  one  source  whence  fat  is  derived. 

(c)  Lactose  or  sugar  of  milk  (C„  H„  0„-f  H,  0),  is  formed  in 
large  quantity  when  the  mammary  glands  are  in  a  condition  of 
physiological  activity, — human  milk  containing  5  or  6  per  cent, 
of  it.  Like  other  sugars  it  is  a  valuable  nutritive  material,  and 
4ience  is  only  discharged  from  the  body  when  required  for  the 
:xuaintenance  of  the  ofifspring.  The  same  remark  is  applicable  to 
the  other  organic  nutrient  constituents  of  the  milk,  albumin  and 
saponifiable  fats,  which,  if  we  except  what  is  present  in  the 
secretions  of  the  generative  organs,  are  discharged  from  the  body 
only  under  the  same  conditions  and  in  the  same  secretion. 

{d)  InosUe  (Cg  H„  0<s+2  H,  0),  a  variety  of  sugar,  identical 
in  composition  with  glucose,  but  differing  in  some  of  its  properties, 
is  foimd  constantly  in  small  amount  in  muscle,  and  occasionally  in 
other  tissues.  Its  origin  and  uses,  in  the  economy,  are,  presumably, 
similar  to  those  of  glycogen. 

(e)  Maltose  (C„  H^a  0„),  is  formed  in  the  conversion  of  starch 
into  glucose  (see  p.  816). 

(3)  Organic  Acids. 

CiROUP  I.— MONATOMIC  FATTY  ACIDa 


Formic 

C  HO    OH 

Caproic   . 

.    C,  H,,  0  OH 

Acetic   . 

.    C.HjOOH 

Capric 

.    .    C,  H„OOH 

Propionic  . 

.     C3  Hg  0  OH 

Palmitic  . 

.    C„H„OOH 

Butyric . 

.    (\H,  OOH 

Stearic 

.    .     C„  Hjj  0  OH 

Valerianic 

C.  H,  0  OH 

Oleic 

.     C,,H„OOH 

Formic,  acetic,  and  propionic  acids  are  present  in  sweat,  but 
normally  in  no  other  human  secretion.  They  have  been  found 
elsewhere  in  diseased  conditions.     Butyric  acid  is  foimd  in  sweaty 


^  ^'V 


Khem  of  these  acids  hftre   been  obtained  from  blood, 
luicc,  ficces,  nnd  urine. 

Group  II.— Diatomic  Fa'At  Acrns. 


■asic. 

Oialit;  . 

.     C,  H.  0 

.    .     C.  H.  0, 

Snccinic   . 

.     .     C,   H,  O, 

mcid  exists  in  a  free  state  in  niuBcular  plasma,  and  is  in- 
1  quantity  by  muscular  contmetiou,  is  never  cout^ned  in 
>d,  aud  when  present  in  abnormal  amount  seems  to 
Iteumatiam. 

B  present  in  the  urine  in  certain  <diBcasea,  and  afttr 
lertain  carbonated  beverages,  and  after  eating  rhubarb,  >tc. 


I  is  always  found  in  the  urine  of  herbivora,  and  ram 

d  from  stale  human  urine.     It  does  not  exist  free  else- 


APPENDIX. 


821 


derived  from  the  food  or  the  tissues,  and  which  irilli  at  the  first 
opportunity,  be  excreted  frt)m  the  body. 

Oases.— The  gaseous  matters  found  in  the  body  are  oxygtHy 
hydrogen^  nitrogen^  oarburetted  and  sulphuretted  hydrogen^  and 
carbonic  acid.  The  first  three  have  been  referred  to  (p.  804). 
Carburetted  and  sulphuretted  hydrogen  are  found  in  the  intestinal 
canal.  Carbonic  acid  is  present  in  the  blood  and  other  fluids,  and 
is  excret<ed  in  large  quantities  by  the  lungs,  and  in  very  minute 
amount  by  the  skin.  It  will  be  specially  considered  in  the  chapter 
on  Respiration. 

Water,  the  most  abundant  of  the  proximate  principles,  forms 
a  large  proportion, — more  than  two-thirds  of  the  weight  of  the 
whole  body. 

Amount  of  Water  in  the  TiBSoea,  ^lo. — Its  relative  amount 
in  some  of  the  principal  solids  and  fluids  of  the  body  is  shown  in 
the  following  table  (quoted  by  Dalton,  from.  Robin  and  Verdeil's 
table,  compiled  from  various  authors)  : — 


QUAKTITY  OP  WATER  IN   ICOO  PABTS. 


Teeth 100 

Bones 130 

Cartilage 550 

Muscles 750 

Ligament 768 

Brain 789 

Blood 795 

Synovia 805 


Bile S80 

Milk 887 

Pancreatic  juice        .        .        .  900 

Urine 936 

Lymph 960 

Gastric  juice  .  .  .  .  975 
Perspiration  ....  986 
SaliTa    ....  .  995 


Uses  of  the  Water  of  the  Body. — ^The  importance  of  water 
as  a  constituent  of  the  animal  body  may  be  assumed  from  the 
preceding  table,  and  is  shown  in  a  still  more  striking  manner  by 
its  withdrawal  If' any  tissue, — as  muscle,  cartilage,  or  tendon 
Ix)  subjected  to  heat  sufficient  to  drive  off  the  greater  part  of  its 
water,  all  its  characteristic  physical  properties  are  destroyed ;  and 
what  was  previously  soft,  elastic,  and  flexible,  becomes  hard  and 
brittle,  and  homy,  so  as  to  be  scarcely  recognisable. 

In  all  the  fluids  of  the  body — blood,  lymph,  &c.,  water  acts  the 
part  of  a  general  solvent,  and  by  its  means  alone  circulation  of 
nutrient  matter  is  possible.  It  is  the  medium  also  in  which  all 
fluid  and  solid  aliments  are  dissolved  before  absorption,  as  well  as 
the  means  by  which  all,  except  gaseous,  excretory  products  are 
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All  the  varioas  proeeBScs  of  necretion,  transudation, 
ition,  depend  of  neceaaity  on    its    prsBciicc  for  their 

1. — The  greater  part,  liy  far,  of  tho  water  present  ui  tlie 
.ken  into  it  as  such  from  without,  in  tho  fi>od  ami  drink, 
mount,  however,  is  the  result  of  the  chemical  union  of 

with   oxjgen   in    the   blood   and  tissues.      The  total 
iken  into  the  body  every  day  in  ahout  4i  llis. ;  while  an 

quantity  (perhaps  ^  to  if  lb.)  is  formed  by  chemical 
bin  it.— (Daltou.) 

-The  loss  of  water  frora  tho  body  is  intimately  connectcil 
3tion  from  the  lungs,  ekiii,  and  kidneys,  and,  to  a  lesa 
jni  th«  alimentary  canal.     The  losa  from  these  various 
ly  be  thus  appintioned  (quoted  by  Daltou  from  various 

be  Alimentary  Canal  (Iieces)   .                .        .      4  i^r  cent. 

Lduks 20        .. 

Skill  (perspimtion) 3°        ■■ 

Kidiioj-s  (urine) 46        ., 
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mately  incorporated  with  the  organic  basis  or  matrix,  but  it  can 
be  removed  by  acids  without  destroying  the  general  shape  of  the 
bone ;  and,  aflcr  the  removal  of  its  inorganic  salts,  a  bone  is  left 
softy  tough,  and  flexible. 

The  phosphates  of  potassium  and  sodium  with  the  carbonates, 
muntain  the  alkalinity  of  the  blood. 

Carbonate  of  Galoium  occurs  in  bones  and  teeth,  but  in 
much  smaller  quantity  than  the  phosphate  (pp.  70  and  87). 
It  is  foimd  also  in  some  other  parts.  The  small  concretions  of 
the  internal  ear  (otoliths)  are  composed  of  crystalline  carbonate 
of  calcium,  and  form  the  only  example  of  inorganic  crystalline 
matter  existing  as  such  in  the  body. 

Carbonates  of  Fotassium  and  Sodium  are  found  in  the 
blood,  and  some  other  fluids  and  tissues. 

Sulphates  of  Fotassium,  Sodium,  and  Calcium  are  met 
with  in  small  amoimt  in  most  of  the  solids  and  fluids. 

Silicon. — ^A  very  minute  quantity  of  silica  exists  in  the  urine, 
and  in  the  blood.  Traces  of  it  have  been  found  also  in  bones, 
hair,  and  some  other  parts. 

Iron. — The  especial  place  of  iron  is  in  hsemoglobin,  the 
colouring-matter  of  the  blood,  of  which  a  further  account  has 
been  given  with  the  chemistry  of  the  blood.  Peroxide  of  iron  is 
found,  in  very  small  quantities,  in  the  ashes  of  bones,  muscles, 
and  many  tissues,  and  in  lymph  and  chyle,  albumin  of  serum, 
flbrin,  bile,  and  other  fluids;  and  a  salt  of  iron,  probably  a 
phosphate,  exists  in  the  hair,  black  pigment,  and  other  deeply 
coloured  epithelial  or  homy  substances. 

AiiiTTiiTiiiiTnj  Manganese,  Copper,  and  Lead. — It  seems 
most  likely  that  in  the  human  body,  coppei^  manganesium^  alumi- 
nium,  and  lead  are  merely  accidental  elements,  which,  being  taken 
in  minute  quantities  with  the  food,  and  not  excreted  at  once  with 
the  fecces,  are  absorbed  and  deposited  in  some  tissue  or  organ, 
of  which,  however,  they  form  no  necessary  part.  In  the  same 
manner,  arsenic,  being  absorbed,  may  be  deposited  in  the  liver 
nd  other  parts. 
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EASURES  OF   WEIGHT  (Acairdnj/oit-). 

^^^^1 

iAreragfi.) 

Ibi.     ou. 

^^^^^^^H 

n.       .       .  ai      8 

Liver      

3      8 

^^^^^^^H 

endons     .    .  77      S 

Lungs  (both)      ,         .        . 

3    10 

iftncoiiB  tissue  16      5 

(Esophagus     .... 

.    11  tu  14 

Ovaries  (both)  ,        ■     ^  to 

-        k 

Pancrcna      .... 

^^^^^^^H 

■um   .             .    2     11 

Hum     ...       51 

lifj 

uiid   Medullii 

Stomach         ,        .         .     . 

Ogata        .    .    -      1 

Spinal  Cord,  divcslcd  of  its 

ntrics  and  membranes   . 

'      li 

^^M 

^on      .        .3      2I 
.        ...        i 

Spleen 

Supisrcnal  Captmles  (bMi), 
Jto 

^^^^^^^H 

Testicles  (both)    .         14  to 

-      3 

all'    .    ■    .    ■.     I     Hi 

Thyroid  biidy  mid  remains 

■pi.        .        .11 

of  ThjniuB  glnnd         .     . 

-        J 

^^^^^^1 

)_  _;^,^^;    -     '"i 

Tongue  and  Ujoid  iKine 

-      3 

1 

1 
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SIZES  OF  VARIOUS  HISTOLOGICAL  ELEMENTS  .VND  TISSUES. 


Average  size  tit  fraction  of  an  inch. 


Aiis^lls,  ^to^. 

Blood-cells  (red),  ^  (breadth). 

„         (colourless),  ^ 
Canaliculus  of  bone,  ^  (width). 
Gi^illaryiblood-Tessels,  ^  (lung)  to 

^  (bone). 
CSartilage-cells  (nuclei  of).  ^. 
Chyle-molecules,  ^^ 

^^^  hJb  to  i^  (length). 

Cones  of  retina  (at  yellow  spot),  ^^Jqq 

tOTafca  (width). 
Connective-tissue  fibrils,  ^^  to  j^ 

(width). 
Dentine-tubules,  j^  (width). 
Enamel-fibres,  ^  (width). 
End-bulbs,  gig. 
Epithelium 

columnar  (intestine),  ^  (length). 

spheroidal  (hepatic),  uijo  to  jJq. 

8quamou8(peritoneum),^  (width). 

„  (mouth),  gig  „ 

„  (skin),       gJjj     „ 

Elastic  (yeL)  fibres,  jiJop  to  «Jio(wide). 
Fat-cells,  i^  to  ^^ 
Germinal  vesicle,  ^, 

„  spot,  jjjjg. 

Glands 

gastric,  &  to  4  (length). 
"      lio  to  sfe  (width). 
Licberkuhn's  (small  intestines),  g^ 

to  ^  (length). 
Lieberkuhn*s  (small  intestine),  ^ 

(width). 
Peyer's  (follicles),  |\  to  ^. 
sweat,  ^  (width). 

„      in  axilla,  j^  to  ^  (width). 


» 


»» 


Hayersian  canals,  -^  to  ^  (width). 
Lacunae  (bone),  1^  (length). 
„  „      ^  (width). 

Macula  lutea,  ^, 
Malpighian  bodies  (kidney),  -^ 

„  corpu8cle8(spleen),^toj(. 

Muscle  (striated),  ^to^ (width), 
-cell  (plain),  aJo  to  jfo  (length). 
»        »»      db5t0  5^(wldtb). 
Nerve-corpuscles  (brain),  ^/^  to  ^ 
„     -fibres  (medulated)  ^^  to  ^ 
(width), 
(non-medulated)  gjjQ  to 
B^jjj  (width). 
Ovum,  ^, 

Pacinian  bodies,  ^  to  ^^  (length). 
»»       A  to  Jb  (width). 
PnpillflQ  of   skin  (palm),  jio  to  ^ 
(length). 
.,    (face),,i5to,jB    „ 
tongue  (circumyallate),  ^  to 
A  (width), 
(fungiform),  j^  to  ^ 

(width), 
(filiform),  ^(length). 
Pigment-cells  of  choroid  (hexagonal), 

„       granules,  ^^ 
Spermatozoon,  ^  to  ^,  (length), 
head,  ^       „ 
M    isDDO  (width). 
Touch-corpuscle,  ^  (length). 
Tubuli  seminiferi,  fio  to  ^  (width). 

„     uriniferijg^Q* 
ViUi,JbtoJ(length). 

.»    sfc  to  A  (width). 


?» 


?? 


»> 


>» 


f> 


?» 


METRICAL   SYSTEM  OF  WEIGHTS  AND  MEASURES  COMPARED 
WITH  THE  COMMON  MEASURES. 


Metre  .  . 
Centimetre 
Millimetre 


39|  inches  (about).      Gramme    .     = 

f  inch  (nearly).        Centigramme  = 

^    „  „  Milligramme  = 

Litre     =     about  if  pint  (35J  oz.). 


1 51  grains  (nearly), 
jj  grain  (about). 

A »»         »>  • 


Bic  GBAvrxY  OF  vakioi:h 


I'LnPB  AND  TISSUES. 


vhea  fully  lilUtcndcLl 
ordinary    coudilioD, 

wortem  .  .  0-3, 
when  dc[iriTc<l  rif  air 

Muscle 

Milk      .        .         .        . 

Paiicrciitic  joifc 


I-WH 


OWINU   THE   PKHCEKTAGE   COMPOsmOX  OF 
I  VAEIOLI8  ABIICLEK  OF   FOOD.     (Leth«»t.) 
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CLASSIFICATION  OF  THE  ANIMAL  KINGDOM. 


VEBTEBRATA. 


Haaimalia 
Primates 


if 


Chiroptera 

Insectivora    • 

Camivora  . 

Proboscidea  . 

Hyracoidea 

Ungulata : 
PeriModactyla 
Artiodactyta 


Sirenia 

Cetacea. 

Bodentia 


Edentata 

Marsnpiata 

Monotrcmata 

lUBDB 

CARINATvE 

Kaptorcs  (^BirtU  of  prey) 
ScansoTes  {Climbing  Birds) 
Passeres  (Perching  Birds) 


Tijjncal  JExamjtIt'S. 

Han. 

A^HJ,  baboon. 
Bat,  flying  fox. 
Mole,  hedgehog. 
Lion,  dog,  beai*,  seal. 
Elephant. 
Hyrax. 

Tapir,  rhinoceros,  horse. 
Hippopotamus,  pig,  camel,  chevrotaiii, 

deer,  ox,  sheep,  goat,  giraffe. 
Dugong,  manatee. 
Whale,  porpoise,  narwhal. 
Hare,  porcupine,  guinea  pig,  rat,  beaver, 

squirrel,  dormouse. 
Annadillo,  pangolin,  true  anteater.  Cape 

anteater,  sloth. 
Opossum,   bandicoot,   Thjlacinus,  pha- 

langer.  wombat,  kangaroo. 
Omithorhynchus  or  duck-bille<l  platypus. 

Echidna  or  spiny  anteater. 


Vulture,  hawk,  owl. 

Woodpecker,  parrot. 

Crow,  finch,  swallow. 
Basores  {Scratching  Birds)   .    Fowl,  pheasant,  grouse. 
Grallatores  ( Wading  Birds) .    Heron,  stork,  snipe,  crane. 
Natntores  (Srtimming  Birds)    Penguin,  duck,  pelican,  gul!. 

BATITiE 

Cursores  (Running  Birds)    .    Ostrich,  emeu,  apteryx. 

Reptiles 

Crocodilia     ....     Crocodile,  alligator, 
Lacertilia Iguana,  chameleon,  gecko,  lizard,  slow- 
worm,  flying  dragon. 
Chelonia        ....    Tortoise,  tiulle. 
Ophidia Snake,  viper. 

Amphibia 

Annra Frog,  toad. 

Urodela Newt,  salamander. 


F18H 


Dipnoi Lepidosircn. 

Tcleostei Perch,  mackerel,  cod,  herring. 

Placoidei       ....  Shark,  ray. 

Ganoidei Sturgeon,  bony  pike. 

Cyclostomi    ....  Lamprey,  hag. 

Leptocardii       .        .        .    .  Amphioxus  lanccolatus. 


■SSIFICATION  OF  THE  ANIMAL  KINGDOM: 


INVEllTEBKATA. 

Typieal  Ej^mplet. 

)l«Kla      .        .        . 

.     Octopus,   argoDout,    squid,    cnttle-eJi, 

nautilus. 
.     Clio,  Cleodoni. 

da       .        .        . 

ipotlft: 

chiogagtcropo<la  . 
ibranchiBtn     , 

ta.  or  Asci.lioidctt    . 

'.    Whd'k,  limpet,  [leriwintlc 
,     .     Oyster.  muBBel.  cockle, 

.    Turebintula,  Linguln. 
,     .     Salpa,  i1ro6on.a. 

.     Sea  mat. 

Beetle,  bee,  nut,  locast,  gTatsbo|iprr, 
cockroacli,  earwig,  moth,  liullerflj, 
Sj,  flea,  bag. 

Scorpion,  spider,  mite. 

Centipede,  millipede. 

Crab,  lobster,  crayfish,  pran^,  liaimiclc. 
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AbdomitiAl  miuolet,  action  of  in  retpira- 

tion,  229,  244. 
Abeiratioii^ 

chromatic,  688. 

spherical,  687. 
AMorbents.    See  Lymphatici. 
Abflonption,  354. 

by  blood-yeMels,  371. 

by  lacteal  rem^  346, 369. 

by  lymphatics,  309. 

oxygen  bv  lungs,  239. 

process  of  osmosis,  372. 

rapiditv  of,  373. 
See  Chvie,  Lymph,  Lymphatics,  Lac- 
teals. 
Accessory  nerre,  564. 
Accidental  elements  lii  human  body,  803. 
Acoonmiodation  of  eye,  680. 
Adds,  organic,  819. 

acetic,  ib. 
Acini  of  secreting  glands,  390. 
Addison's  disease,  406. 
Adenoid  tissue,  C9.    See  Retiform. 
Adipose  tissue,  01.    See  Fat. 

development,  63.  < 

situations  of,  ib. 

structiure  of,  ib, 
Aiter-birth,  755. 
After-sensations, 

taste,  6dO. 

touch,  032. 

vision,  691. 
Aggregate  glands,  390. 
Agminate  glands,  315. 
Air, 

atmospheric,  composition  of,  236. 

breathing,  231. 

complemental,  ib. 

reserve,  ib. 

residual,  232. 

tidal,  231. 

changes  by  breathing,  237. 

quantity  breathed,  231. 

transmission   of  sonorous  vibrations 
through,  655,  658.  . 


Ammoxxa. 

Air,  continued. 

in  tympanum,  for  hearing,  658. 

undulations   of,    conducted    by   ex- 
ternal ear,  655. 
Air-cells,  220. 

Air-tubes,  218.    See  Bronchi. 
Alanines,  810. 
Albino-rabbits,  46. 
Albinoes,  imp^ect  vision  in,  673. 
Albumin, 

add,  807. 

action  of  gastric  fluid  on,  297. 
alkali,  807. 

characters  of,  806, 807. 

chemical  composition  of,  806. 

derived,  807. 
e^,  806. 

native,  ib, 
serum,  1 16,  806. 

tissues   and   secretion   in    which   it 
exists,  806. 

of  blood,  128. 
Albuminoids,  805. 
Albuminose,  808. 
Albuminous  substances,  806. 

absorption  of,  ^7. 

action  of  gastric  fluid  on,  297. 
of  liver  on,  341. 
of  pancreas  on,  325. 
Alcohouo  drinks,  enect  on  respiratory 

changes,  239. 
Alimentary  caiud,  274. 

development  of,  787. 

length  in  difl!erent  animals,  323. 
Allantoin,  814. 
Allantois,  748. 
Alloxan^  813. 
Aluminium,  823. 
Amic  adds,  810. 
Amides,  810—814. 
Ammonia, 

cjranata    of,    identical    with    urea, 

exhaled  from  lungs,  240. 
urate  of,  455. 
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Amnion. 

Amnion,  746. 

fluid  of,  747. 
AmGoba,3i. 
AmcDboiamovements,  ib. 

cellB,  J4. 

colourless  corpuscles,  1 14. 

cornea-cells,  30, 670. 

ovum,  36,  734. 

protoplasm,  30. 

Tradescantia,  31. 
Amphioxus,  757. 
Ampulla,  651. 

Amputation,  sensations  after,  483. 
Amyloids  or  Starches,  818. 

action   of    pancreas    and    intestinal 
glands,  325,  347. 
of  saliva  on,  282. 
Amylopsin,  325,  815. 
Anastomoses  of  muscular  fibres  of  heart, 

of  nerves,  472. 

of  veins^  196. 

in  orectilo  tissues,  208. 
Angle,  optical,  697. 
An^us  opticus  scu  visorius,  697. 
Animal  heat,  255.    fiee  Heat  and  Tem- 
perature. 
^Vnimals,  distinctive  characters,  3. 
Antialbumate,  809. 
^Vjitialbumose,  ib, 
.\ntihelix,  648. 
Antipeptone,  809. 
.Vntitragus,  648. 
Anus,  320. 
Aorta,  134. 

development,  770. 

pressure  of  blood  in,  1 78. 

valves  of,  139. 
action  of,  144. 
Aphasia,  541. 

Apncca,  252.    See  Asphyxia. 
Appendices  epiijloicae,  320. 
Appendix  vermifonni«<,  ib, 
Aquseductus, 

cochlea),  651. 

vestibuli,  652. 
Aqueous  humour,  678. 
Arches,  visceral,  760. 
Area  germinativa,  737. 

pelfucida,  738. 

vasculosa,  746,  770. 
^Vreolar   tissue,    59.      See   Connective 

Tissue. 
Arsenic,  823. 
Arterial  tension,  175. 
Arteries,  160. 

circulation  in,  165. 
velocity  of,  201. 

muscular  contraction  of,  168. 

effect  of  cold  on,  170. 
of  division,  ib» 

elasticity,  166. 
purpoMS  ot,  ib. 


I  Bile. 

Arteries,  continued, 
musculari^,  168. 
govemea  by  nenroiu  system,  180. 
purposes  o^  168. 
nerves  of,  163. 

nervous  system,  influence  ot,  iSo. 
office  of,  i6n. 
pressure  of  Dlood  in.  175* 
pulse,  171.    See  PuJse. 
rhytfajnie  contraction,  17a 
structure,  i6a 
distinctions  in  large  and  small  ar 
teries,  161. 
systemic,  134. 
tone  of,  180. 
lunbilical,  756,  772. 
Telocity  of  blood  in,  aoi . 
Articnlate  sounds,  classificatiofn  of^  6iS* 

See  Towels  and  Consonants. 
Arytenoid  cartilages^  606. 

effect  of  approximation,  607. 
movemente  of,  t^. 
muscle,  ib. 
Asph^-xia,  2C2. 
causes  of  dfeath  in,  ib. 
experiments  on,  253. 
Astigmatism,  686.       « 
Atmospheric  air,  236.    Stc  Air. 
pressure  in  relation   to   respiratiff 

239- 
Atrophy.  378. 

from  aencicnt  blood,  ib. 

from  diseased  nerves,  379. 
Auditory  canal,  647. 

function,  655. 
Auditon'  nerve,  654. 

distribution,  ib, 

effects  of  irritation  of,  666. 
Auricle  of  ear,  647. 
Auricles  of  he«rt,  132. 

action,  140. 

capacity,  156. 

development,  768. 

dilatation,  156. 

force  of  conmiction,  t^. 
Automatic  action,  485. 

cerebrum,  534. 

medulla  oblongata,  248. 

respimtorj',  248,  249. 
Axis-cylinder  of  nerve-fibre,  4(x>. 

B. 

Bar}-tone  voice,  612. 
Basement-membrane, 

of  mucous  membranes,  388. 

of  secreting  membranes,  385. 
Bass  voice,  612. 
Benzoic  acid,  456,  820. 
Bicuspid  valve,  135. 

Bile,  333. . 
antiseptic  power,  ^c. 
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BiLB. 

Bile,  continued. 
colouring  matter,  334. 
colouring  serous  secretions,  387. 
digestive  properties,  339. 
excrementitious,  337. 
fat  made  capable  of  absorption  by,  340. 
functions  in  digestion,  t^. 
mixture  with  cn3rme,  347. 
mucus  in,  333. 
natural  purgative,  340. 
process  of  secretion  of,  335. 
quantity,  337. 
re-ab83rption,  338,  340. 
secretion  and  m>w,  335. 
secretion  in  foetus,  337. 
t««^  ^or,  335. 
uses,  337. 
Bilin,  334. 

re-absorption  of,  338. 
Bilifulvin,  Biliprasm,   Bilirubin,   Bili- 

verdin,  Bilihumin,  33d,  814. 
Bioplasm,  29.    See  Protoplasm. 
Birth,  6. 
Bladder,  urinar}',  440.      See  Vrmary 

Bladder. 
Blastema,  29.    See  Protoplasm. 
Blastodermic  membrane,  735. 
Bleeding,  effects  of,  on  blood,  118. 
Blood,  94. 
adaptation  of  to  tissues,  127. 
albimiin,  116. 
use  of,  128. 
alteration  by  disease,  127. 
arterial  and  venous,  1 19. 
assimilation,  127. 
buflfy  coat,  97. 
chemical  composition,  104. 
coagulation,  97. 
colour,  94.  1 19. 

changed  by  respiration,  242. 
colouring  matter,  iii. 
colouring  matter,  relation  to  that  of 

bUe,  334. 
composition,  chemical,  104. 

variations  in,  1 19. 
corpuscles  or  cells  of,  106.   See  Blood- 
corpuscles. 
redj  106. 
white,  1 13. 
crystals,  ill. 
cupped  clot,  98. 
development,  J  24. 
extractive  matters,  118. 
fatty  matters,  117. 

use  of,  129. 
fibrin,  97,  98. 
separation  of,  97. 
use  of,  129. 
formation  in  liver,  125. 

in  spleen,  406. 
gases  of,  120. 

growth  and  maintenance,  127. 
haemoglobin  or  cruorin,  ill,  242. 


Bone. 

Blood,  continued, 

hepatic,  1 19. 

menstrual,  7 18. 

odour  or  hiEuitus  of,  05. 

portal^  characters  of;  1 19. 
purification  of  by  liver,  341. 

quantity,  95. 

reaction,  94. 

relation  of,  to  lymph,  368. 

saline  constituents,  117. 
uses  of,  12Q, 

serum  of,  no. 
compared  with  secretion  of  serous 
membrane,  386. 

specific  gravity,  94. 

splenic,  120. 

structural  composition,  97. 

temperature,  94. 

uses,  128. 
of  various  constituents,  128. 

variations   of,    in  different   circum- 
stances, 118. 

in  different  parts  of  body,  1 19. 
Blood-corpuscles,  red,  106. 

action  of  reagents  on,  107. 

chemical  composition,  1 10. 

development,  124. 

disintegration  and  removal,  126, 407. 

method  of  counting,  107. 

rouleaux,  109. 

sinking  of;  9J,  109. 

specific  gravity,  106. 

stroma,  106. 

tendency  to  adhere,  109 

uses,  129. 

vertebrate,  various^  105. 
Blood-corpuscles,  white,  113. 

amceboid  movements  of,  114. 

derivation  of,  126. 

formation  of^  in  spleen,  126,  406. 

locomotion,  116. 
Blood-crystals,  in. 
Blood-pressure,  175. 

influence  of  vaso-motor  system  on,  184 

variations,  178. 
Blood-vessels, 

absorption  by,  371. 
circumstances  influencing^  374. 
difference  from  lymphatic  absorp- 
tion, 371. 
osmotic  character  of,  372. 
rapidity  of,  373. 

development,  764,  770. 

influence  of  nervous  system  on,  180. 

relation  to  secretion,  396. 

share  in  nutrition,  377,  378. 
Bone,  70. 

canaliculi,  72. 

cancellous^  70. 

compact,  t^. 

chemical  composition,  ib. 

development,  76. 

functions,  85. 


^^^^^^^^^H 

^^^^^^^^^^^^^^^^^1 

IKDEC. 

BOMI. 

Cartil&oi. 

liHUfd. 

Canaliculi  bC  bone,  72. 

ian  oqbIs,  73. 
•.14- 

poS;i,jj8.         "^ 

try  (anal,  71. 

tuncdou  of,  663. 

Cancellous  Isiture  of  bone,  70. 

.8j. 

CpBoity  ot  cheit,  viUl,  131. 

Cerebnrai, 

of  heut.  156. 
Opillariw.  1H4. 

'36.' 

^'iroulatwn  uT,  1S8. 

",  535- 

rate  of,  »». 

coatTBCtion  of,  192. 

^^^^^^^^^■sii' 

duvelopnient,  764. 

diunetet  of,  185- 

J6- 

influence  of  on  tiiuuIntioQ,  192. 

tlonofblMdin,  105 
ution»,  sjg. 

a»& 

mem,  780. 

number,  187. 

5- 

piuHige  of  corpuaclei  throusb  1 
of.  '90.       ^ 

5r 

still  layer  in,  189. 

J". 537- 

ilnicture  of,  185. 

^535' 

orlunicl^.MJ. 

537.  , 

ofrtonmoh   193. 

n;a'i.rii» 

Cii|)nu  acid,  Gig. 
Cuproio  acid,  ii. 

Up.ul8of01isjon,  31(1. 

Cpsules,  WBlpigbiiiH,  438. 
Curbanic  ncid  in  abuoephere,  jj(.. 

■ 
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Cautilaob  of  External  Ear. 

Cartilage  of  external  ear,  use  io  hearing, 

656. 
Cartilages  of  larjmz,  606. 

Casein,  8o:r* 
Cauda  equina.  492,  779. 
Caudate  ganglion*corpuscles,  477. 
Cells,  28. 
abrasion,  38. 
amooboid,  54. 

blood,  106.    See  Blood-coi*puAcles. 
cartilage,  65. 

chemical  tiansformatlon,  38. 
ciliated,  40,  51,  572. 
classification,  41. 
contents  of,  33. 
deeajr  and  death,  38. 
defimtion  of,  29. 

epithelium,  43.    See  Epithelium, 
usion,  36. 
formatire,  7^6. 
functions,  38. 
gemmation,  36. 
gustatory,  637. 
lacunar  of  bone,  73. 
modes  of  connection,  41. 
nutrition,  33. 
of  glands,  389. 
action  of,  m  secretion,  393. 
olfactor}',  642. 
pigment,  46,  54. 
reproduction,  35. 
segmentation,  36^ 
structure  of,  33. 
transformation,  ib. 
Taricties,  41. 
vegetable,  39. 
distinctions  from  animal  cells,  39. 
Cellular  cartilage,  66. 
Cement  of  teeth,  86. 
Centres,  nervous,  466,  485.    See  Nerve- 
centres, 
of  ossification,  77. 
Centrifugal  nerve-fibres,  479. 
Centrinetal  nerve-fibres,  ib. 
Cerebellum,  ^22. 
co-ordinating  function  of,  .524. 
cross-action  of,  527. 
cfi^ects  of  injury  of  crura,  ib. 

of  removal  of,  524. 
functions  of,  ib, 
in  relation  to  sensation,  t^. 
to  motion,  ib, 
to  muscular  sense,  526. 
to  sexual  passion,  to. 
structure  of,  523. 
Cerebral  circulation,  205. 

hemispheres,  528.    See  Cerebrum. 
Cerebral  nerves,  548. 
third,  549. 
effects  of  irritation  and  injury  of, 

ib. 
relation  of  to  iris,  549. 
fourth,  SSI. 


Choriok. 

Cerebral  nerves,  continued, 
fifth,  id. 
distribution  of,  $$i, 
effect  of  division  oi^  S5'>  553* 
influence  of  on  iris,  SS4* 

on  muscles  of  mastication,  $$i. 
on  organs  of  special  sense,  5S5* 
relation  of  to  nutrition,  ib, 
resemblance  to  spinal  nerves,  W, 
sensory  fiinction  of  greater  divisioa 

of  fifth,  5S3. 
sixth,  557. 

coiA^unioation    of,   with  sympa- 

thetio,  SS7- 

seventh,  SS7*  ^M*  ^  Auditory 
Nerve  ana  Facial  Nerve. 

eighth,  SJ9  et  teq.  See  61osso-pha- 
ryngeal,  Pneumogastric,  and  Spinal 
Accessory  Nerves. 

ninth,  s6s. 
Cerebration,  unconscious,  S40< 
Cerebrin,  812. 
Cerebro-spiUal    nen'ous    syAtom,   465, 

492. 
See  Brain,  Spinal  Cord,  ko. 
Ccrebro-spinal  fiuid,  relation  to  circu- 
lation, 207. 
Cerebrum,  its  structure,  S28,  S33« 

chemical  composition,  S34* 

convolutions  of,  S29,  et  $eq, 

crura  of.  Si 7. 

development,  780. 

distinctive  character  in  man,  S37* 

effects  of  injury.  5^  S38- 

eleotncal  stimulation,  S4i< 

functions  of,  S34< 

^rey  matter,  S33. 

in  relation  to  speech,  S41* 

localization  ot  functions,  S4I* 

unilateral  action  of,  S38. 

white  matter,  S33* 
Cerumen,  or  ear-wax,  417, 648, 6S9. 
Cnalk-stones,  454. 

Characteristics  oforganic  compound,  804. 
Charcoal,  absorption  of,  374. 
Chemical  composition  of  the  human 

bodyj  30. 
Chest,  its  capacity,  232. 

conti  action  of  in  expiration,  228. 

enlargement  of  in  inspiration,  224. 
Chest-notes,  613. 
Chlorine,  803. 

in  human  oody,  41. 

in  urine,  4Q9. 
Cholesterin,  818. 

in  bile,  3J4,  338. 
Chondrin,  00b. 
Chorda  dorsafis^  740. 
Chorda  tympani,  280,  281,  SS9* 
ChordsB  tenaine»,  138. 

action  of,  143. 
Chorion,  749. 

villi  of,  7S0. 


:Dtof,  671. 

ire,  784- 

mtion,  6SS. 
|),3**.J69. 
k>D  of,  310,  369. 
I  of,  368. 


f.  367. 
1. 1™ph,  3 
',    367-    ■? 


1367: 

upellinj.  361 . 
_ir  bsie  of.  It*. 
I  found,  3^, 
■-'  -0  blood,  36S. 

S,  345- 

n  of  digrstcd  parts  of.  346, 

|ofinmMtinM,34('. 


Couguliition  of  blood,  07. 
nWntor  retarded,  101. 
cuiiditiona  ■fleeting,  io. 
influence  of  nvpiniCioEi  on,  z|2, 
tbeorin  of,  lOt. 
of  rhyle,  367. 
oflpopKjoS. 
CDchleaofthoear,6si, 

office  of.  dbt. 
Cold-bloDdpd  BniiDult,  157,  258. 

retention  of  inusruLir  initAbUiiY  in, 

CoUom  373. 

ColoBtrum,  43O. 
Colouriiij^  nutter,  38. 

of  hile,  J34. 

ofblonl,  III. 

of  urine,  444. 
Coloiin,  optio«l  plif nonienn  of,  ■;cci. 

"m  of,  143,' 


brandual  tubes,  23C. 
adnplntion  to  dial  unci 


Compounila,  Sof. 

inor^;aiuc,  ii, 

orjtanir,  ii, 
Conciui,  648. 

e  of,  655.  656. 
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Corpora  Araxtii. 

Corpora  Arantii,  138,  146. 
gcnieulata,  520. 
quadrigemina,  ib. 

their  function,  ib. 
striata,  1^. 
their  function,  521. 
Corpus  callosum,  office  of,  544. 
cavemosum  penis,  208. 
dentatum 
of  cerebellum,  52J. 
of  olivary  bo<ly,  tb, 
luteum,  720. 

of  human  female,  722. 
of  mammalian  animals,  ib. 
of  menstruation    and    pregnancy 
compared,  723. 
spongiosum  urethra;,  208. 
Coi^uscles  of  blood,  106.    See  Blood- 
corpuscles, 
of  chyle,  367. 
of  connective  tissue,  53. 
of  cornea,  670. 
of  l^^-mph,  364. 
Pacinian,  472. 
Correlation  of  life  with  other  forces,  5. 
Cortical  substance  of  kidney,  432. 

of  lymphatic  glands,  3C3. 
Corti's  rods,  652. 

office  of,  663. 
Costal  types  of  respiration,  228. 
Coughing,  influence  on  circulation  in 
veins,  190. 
mechanism  of,  246. 
sensation  in  larjnx  before,  487. 
Cowper's  glands,  724. 

office  uncertain,  731. 
Cranial     nerves,    548.     See    Cerebral 

nerves. 
Cranium,  development  of,  756. 
Crassamentum,  97. 
Creatin  and  Creatinin,  812,  813. 
Crescents  of  GianuzzL  277. 
Crico-arytenoid  muscles,  607. 
Cricoid  cartilages,  606. 
Cross  paralysis,  514. 
Crura  cerebelli,  ^23. 

efl'ect  of  dividing,  527. 
of  irritating,  524. 
cerebri,  517. 
their  office,  518. 
Crusta  petrosa,  m,  89. 
Cryptogamic   plants,    movements  of 

spores  of,  4. 
Crystal  growth  of,  2,  10. 
Crystallin,  807. 
Crystalline  lens,  678. 

in  relation  to  virion  at  different 
distances,  681. 
Crystalloids,  373. 

Dlood,  116. 
Cubic  feet  of  air  for  rooms,  243. 
Cupped  appearance  of  blood-clot,  98. 
Curdling  ferments,  817. 


Development. 

Cuticle^  409.  See  Epidermis,  Epithelium. 

of  hair,  418. 
Cutis  anserina,  576. 

vera,  408,411. 
Cyanate  of  ammonia,  451. 
Cylindrical  or  columnar  epithelium,  49. 
Cystic  duct,  326,  333,  336. 
Cystin  in  unne,  460. 


D. 


Decidua,  752. 

menstrualis,  718. 

reflexa,  752. 

serotina,  tb. 

vera,  ib. 
Decline,  3,  18. 

Decomposition,  tendency  of  animal  com- 
pounds to,  32. 
Decomposition-products,  810. 
Decussation  of  fibres  in  medulla  ob- 
longata,  513. 
in  spinal  cord,  504. 

of  optic  nerves,  706. 
DefsBcation,  mechaniim  of^  350. 

influence  of  spinal  cord  on,  509. 
Deglutition,  280.    See  Swallowing. 
Dentine,  86. 
Depressor  nerve,  182. 
Derived  albumins,  807. 
Derma,  408,411. 
Descendens  noni  nerve,  565. 
Descemet's  membrane,  671. 
Development,  3,  733. 
of  organs,  756. 

alimentary  canal,  787. 

arteries,  764,  770. 

blood,  124. 

blood-vessels,  764,  770. 

bone,  75. 

brain,  780. 

capillaries,  764. 

cranium,  759. 

ear.  786. 

embryo,  733. 

extremities,  762. 

eye,  783. 

face  and  visceral  arches,  760. 

heart,  764,  768. 

liver,  7^1. 

limgs.  lb. 

medulla  oblongata,  780. 

muscle,  582. 

nerves,  778. 

nervous  system,  ib, 

nose,  787. 

organs  of  sense,  783. 

pancreas,  790. 

pituitary  body,  759. 

respiratory  apparatus,  791. 

saliTary  glanos,  790. 

spinal  cora,  778 


I 
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column  ana  cranium,  756. 

KRt,  &16. 

bones  or  ouicle*  of,  G49. 

rohM  wad  th-lu,  760. 

function  of,  658. 

in  iHxliea,  urinarj'  appanitu; 

developnimt  of,  786. 

ual  orsons,  7gl. 

e:,tmal,  647. 

J.  810. 

function  o'f.  655. 

iiiKTua!,(H9. 

It. 

funoti«n*<.(.66l. 

ifblood-ponnisclos,  I9O. 

middle,  648. 

function  of,  656. 
Kctopia  voMcffi,  442. 
EScivDt  nerip-filHM,  480. 

)n  nbdonunal  visotra,  J44. 
lion,  J!5. 

1  feipiralorj-  act)!,  244, 147. 

_  viwto  of>'i&ei-,  438. 
Kf^Uth  ™";i  nc^c,  559. 

.,.3.3. 

b™rt,  141- 

«1«,  .74. 

EU-lie  rartiluge,  68. 

fibres,  56,57- 

onbtnod.  118. 

ElMtin,  SJ9. 

■cfisity  of,  J09  r(  teg. 

Klcclricitv, 

in  rous^io,  601. 

n  respimtion,  115. 

(66. 

ElvmcDtary  mbatnncM    in   (be  bumui 

>mBch,  2MS,  iqd. 

.-.'iSftS-,,. 

»fncryou,M-*tc.mMi,3o6, 

Embryo,  737.     Sre   DoTelopmnit  uid 
FcDIui,  formation  of  blood  id,  IZ4. 

h  aftiT  death,  307. 

ic  ttuid,  Food.  Stolnnch. 

Euiolii.nf.  conniition  of  with  mn^ml 

of   »u«d«.    ,«re.utio™   of. 

h™.i,pho™.  .». 
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Ej^itublium. 

Epithelium,  43. 

air*cell8,  221. 

arteries,  161. 

bronchi,  217. 

bronchial  tubes,  219. 

ciliated,  40,51,572. 

cogged,  45. 

columnar,  40, 49. 

cylindrical,  t^. 

development,  52. 

glandular,  49. 

goblet-shaped,  50. 

growth,  52. 

mucous  membranes,  389. 

olfactor)'  region,  6±2. 

secreting  glands,  309. 

serous  membranes,  385. 

spheroidal,  49. 

squamous  or  tesnelated,  44. 
Erect  position  of  objects,  perception  of. 

Erectile  structures,  circulation  in,  208. 
Erection,  ib, 

cause  of,  200. 

influence  of  muscular  tissue  in,  ib, 

a  reflex  act,  J 10. 
Erythro-granulose,  816. 

-dextrin,  816. 
Eunuchs,  voice  of,  612. 
Eustachian  valve,  778. 
Eustachian  tube,  648. 

development,  787. 

function  of,  660. 
Excito-motor  and  sensori-motor  acts, 

488. 
Excreta  in  relation  to  muscular  action, 

600  et  seq. 
Excretin,  349,  018. 

Excretioi,34 
J-.xcretoleic  acid,  349. 

Excretory  organs,  influeuce  of  on  the 

blood,  127. 
Exercise, 

effects  of,  on  production  of  carbonic 
acid,  239. 
on  temperature  of  body,  256. 
on  venous  circulation,  197. 
Expenditure  of  body,  460  et  teq. 

amount,  461,  463. 

compared  with  income,  462. 

evidences,  461. 

objects,  463. 

sources,  463. 
Expiration,  228. 

influence  of  on  circulation,  198. 

mechanism  of,  224,  228. 

muscles  concerned  in,  229,  230. 

relative  duration  of,  230. 
Expired  air,  properties  of,  237, 
Extractive  matters, 

in  blood,  104. 

in  urine,  445. 
Extremities,  development  of,  762, 


FiBRIK. 

Eye.  668. 
adaptation  of  vision  at  different  dis- 
tances, 680  et  Hq, 
blood-vessels,  676. 
capillary  vessels  of,  187. 
development  of,  J83. 
efftict  on,  of  iniury  of  facial  nerve, 

of  nfth  nerve,  555. 
effect  of  pressure  on,  704. 
nerves,   supplying  muscles  of,  549, 

SSI- 
optical  apparatus  of,  676. 

refracting  media  of,  677. 

resemblance  to  camera,  676. 

structure  of,  668. 
Eyelids,  667. 

development  of,  786. 
Eyes,  simultaneous  action  of  in  vision, 
706. 


F. 


Face,  development  of,  760. 
effect  of  injury  of  seventh  nerve  on, 

558. 
Facial  nerve,  557. 

effects  <  f  paralysis  of^  558. 

relation  of  to  expression,  559. 
Fteces,  composition  0^  349. 

Quantity  of,  ib» 
Fallopian  tubes,  710. 

opening  into  abdomen,  386. 
Falsetto  notes,  613. 
Fasciculus, 

olivar}-,  513. 

teres,  tb. 
Fasting, 

iiiHuence  on  secretion  of  bile,  335. 
Fat,  61,  818.    Hee  Adipose  tissue. 

action  of  bile  on,  340,  346. 
of  pancreatic  secretion  on,  325, 346. 
of  small  intestine  on,  346. 

absorbed  by  lacteals,  34(),  369. 

in  blood,  117. 

in  relation  to  heat  of  body,  263. 

of  bile,  334. 

of  chyle,  366. 

situations  where  found,  61. 

uses  of,  64. 
Fechner's  law,  692. 
Female  generative  organs,  709. 
Fenestra  ovalis,  648,  050. 

rotuDda,  648,  682. 
Fermentation,  digestion  compared  with, 

298. 
Ferments,  283,  814. 
Fibres,  42. 

of  Mullor.  676. 
Fibrils  or  filaments,  42. 
Fibrin,  808,  in  blood,  97  et  $eq, 
use  of,  129. 


CESTUI C   JCtCE. 

FdoiI,  toaliKiird. 
rrlntiou  of  to  carbonic  ociJ  proiium), 
338. 
to  tmt  of  bod;,  263. 
'   muiculir  at '  ■ 


".  452- 


I  mtrogeooui  prin- 


relalionofta 
to  urine,  446. 
photphitea  ii 
vegclnblv,  cuntaii 
[dplea,  269. 
Foot-poimd,  157. 

Foramen  UTiJe,  769,  778. 
Forced  nioremenU,  517. 
Form  of  bodica,  how  Mdoutnl,  6gB. 
Fonni.'  acid,  819. 
Fumix,  office  of,  54O. 
Fourth  ventricle,  513, 
craniiil  nervp,  jj  1 . 

centralis,  073.  675. 

of  bladder,  440. 
FuDgiform  pnpillu:  of  tongue,  636,  (.37. 


Hige  of  bile 


into  and  frtmi,  33ri. 
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Gastric  Juice. 

Goatric  juice,  continued, 
quantity  of,  296. 
aecretion  of  294. 
how  excited,  294. 

influence  of  ner?0U8  system  on,  306. 
Gastric  glands,  290. 
Gelatin,  809. 

Gelatinous  substances,  809. 
Genenition  and  development,  709. 
Generative  organs  of  the  female.  709. 

of  the  male,  723. 
Genito-urinary  tract  of  mucous  mirm- 

brane,  388. 
Gemiinal  area,  737. 
matter,  29.    See  Protoplasm, 
membrane,  735. 
spot,  715. 

development,  715. 
vehicle,  714. 

development  of,  715. 
disappearance  of,  733. 
Gill,  212. 

Gizxard,  action  of,  300. 
Gland,  pineal,  541. 
pituitary,  t*. 
prostate,  724,  731. 
Gland-cells,  agents  of  secretion,  393. 
chnngt  s  in  during  secretion,  393. 
relation  to  epithelium,  49,  3J89. 
Gland-ducts,  arrangement  of,  390. 

contractions  of,  395. 
Glands,  agpegate,  390. 
Brunners,  314. 
ceruniinous,  417. 
Cowper's,  724,  731. 
ductless,  398. 
Duveme^'s,  713. 
of  large  intestine,  321. 
of  Lieoerkuhn,  313. 
lymphatic,     362.     See     Lymphatic 

Glands, 
of  Peyer,  315. 
mammary,  d26. 
salivar}',  276. 
sebaceous,  417* 

secreting,  309.  See  Secreting  Glands, 
of  small  intestines,  313. 
of  stomach,  290. 
su'loriferous,  41  ^. 
tubular,  390. 

vascular,  398.    See  Vascular  Glands, 
vulvo-vaginal,  713. 
Glandula  Nabothi,  712. 
Glisson's  capsule,  326. 
Globulin,  117,807. 

distinctions  from  albumin,  117. 
Globus  major  and  minor,  725. 

development,  794. 
Glosso-pnaryn^eal  nerve,  559. 
communications  of,  ib, 
motor  filaments  in,  t^. 
a  nerve  of  common  sensation  and  of 
taste,  560. 


II.r.MonLODix. 

Glottis,  action  cf  laryngeal  muscles  on, 
607. 
closed  in  vomiting,  302. 
effect  of  division  of   pneumogastric 
■  nerves  on,  «;63. 

forms  assumed  by,  608,  60Q. 

narrowing  of,  proportioned  to  height 
of  note,  60S. 

rc8i)irator\*  movements  of,  231. 
Glucose,  819. 

in  liver,  341. 
Gluten  in  vegetables,  269. 
Glycin,  811. 
Glycocholic  acid,  33 J. 
Glycogen,  342,  344,  818. 

characters,  344. 

destination,  343. 

preparation,  \^. 

variiition  witn  aiet,  342. 
Glycollic  acid,  820. 
Glycosuria,  344. 

artificial  production  of,  ib. 
Graafian  vesicles,  713. 

formation  and  development  of,  713, 
715.720. 

relation  of  ovum  to,  716. 

ruptui-o  of,  changes  following,  720- 
Granular  layere  of  retina,  675. 
Grape-sugar,  819.     See  Glucose. 
Grey  matter  of  cerebellum,  523. 

of  cerebrum,  533. 

of  crura  cerebri,  518. 

of  medulla  oblongata,  511. 

of  pons  Varolii,  517. 

of  spinal  cord,  497. 
Groove,  primitive,  738. 
Growth,  2,  10,  381. 

coincident  with  development,  3,  "^81. 

compared    with   common   nutrition, 
38^ 

conditions  of.  ib. 

as  hj-pertrophy.  382. 

increased   by   increase   of  function, 
382. 

not  peculiar  to  living  beings,  2,  10. 
Guanin,  813. 

Gubemaculum  testis,  797. 
GustatoiT  nerves,  560. 

cells,  037. 


H. 


Habitual  movements,  490. 
Hsmatin,  112,  81^. 

hydrochlorate  of,  1 12. 
Hsemadynamometer,  176. 
Heomatochometer,  202. 
Ha)min,  1 1 2. 
Hscmocytometer,  107. 
Hoemoglobin,  iii,  113,  119,  121,  242. 

action  of  gases  on,  123. 

distribution,  113. 


IIJ. 

lipoiitiDn  of,  Soi}- 
■old  ulcem,  383. 

•ii,4». 


|iii]-  of  organ  of,  IJ4G. 

iorraciidDcrce,55S. 
Aitcmil  GU-  DO,  66;. 
■ii,  661. 

I,  6sfs  e(  w?. 


loMGi  bj  ndiatiuii,  »tc.,  zGo. 
in  reUtum  to  bile.  338. 
sourtei   ud   mode*   ctf   production, 

158. 
developed  in  eontnidtion  of  muicln, 

i;6,  2511.  s&). 

perception  of,  630. 
Ilcat  centre*,  264. 
Ilcat-producmg  ti»ue«i,  ^59. 
Heut  or  rut,  716. 

ttnilogoai  to  menstrunlion,  7t6. 
Height,  relutioii  to  reiplmtorv  rapaeitr, 

Hcliocotrtran,  65*. 
Helii  of  ear,  64S. 
llrrai peptone,  809. 
Ilemiiphena,  Cerfbral,  52s,  534.     St 

Hepatic  cells,  3:7. 
ductj,  3ji,333,  336. 
veini,  32q. 

charmeten  otblood  in.  i;a. 
veweU.  arranjemenl  of,  328  r (  ttf. 
Hrrbirorous  animsli, 
perreption  of  odoun  by.  ^54. 
ipbrodirism.  appamit.  Sol. 


INDEX. 


847 


IXAOB. 

Image,  formation  of  on  retina,  684. 
distinctneaa  of,  682, 687. 
inversion  of^  694. 
Impulse  of  heart,  150. 
Income  of  body,  462. 

compared  mm  expenditure,  463. 
Incus,  649. 

function  of,  658. 
Indican,  814. 
^digo,  ib, 
Indol,328.8i4. 
Infunmbulum,  221. 
Inhibitory  influence  of  pneumogastric 

nerve,  158. 
Inhibitory  action  of  brain,  507. 
nerrcA,  480. 
action  of  on  heart,  158. 
on  blood-vessels,  180-184. 
on  blood-vessels  of  salivary  glands, 

280  et  tea, 
on  j^tric  olood-vesscls,  306. 
on  mtestinal  movements,  353. 
on  respiratory  movements,  231. 
Inhibitory  heat-centre,  264. 
Inorganic  principles,  820. 
matter,  oistinction  from  organised,  20 
et  tea. 
Inosite,  819. 
Insalivation,  276. 
Inspiration,  224. 
elastic  resistance  overcome  by,  234. 
extraordinary,  228. 
force  employed  in,  234. 
during  dvspncca,  234. 
influence  of  on  circulation,  199. 
mechanism  0^  224. 
Intercellular  substance,  42.  ^ 
Intercostal  muscles,  action  in  inspira- 
tion^ 226  et  teq, 
in  ezpirationf  227. 
InterloDubir  vems,  329. 
Intestinal  juice,  322. 
Intestines,  digestion  in,  309,  345. 
development,  744,  787. 
fatty  discharges  from,  326. 
gases,  3^1. 
large,  digestion  in,  348. 

structure,  320. 
length  in  dmerent  animals,  323. 
movements,  352. 
small,  changes  of  food  in,  345. 
structure  of,  309. 
Intonation,  608  et  eeq. 
Intralobular  veins,  329. 
Inversive  ferments,  817. 
Involuntary  muscles, 
actions  of,  600. 
structure  of,  574. 
Iris,  679. 
action  of,  549,  554,  679. 

in  adaptation  to  distances,  682. 
blood-vessels,  676. 
development  of,  786. 


*  La&oe  Intbstinb. 

Iris,  continued, 

influence  of  fifth  nerve  on,  554. 
of  third  nerve,  ^549. 

relation  of  to  optic  nerve,  550. 
Iron,  823. 
Ivory  of  teeth,  86. 


J. 


Jacob's  membrsne,  675. 

Jacobson's  nerve,  559. 

Jaw,  interarticuhur  cartilafe,  275. 

Jejunum,  ^09. 

Jumping,  000. 


K. 


Keratin,  809,  812. 

Kidneys,  their  structure.  432. 

blood-vessels  ot  how  oistributed,  437. 

capillaries  of,  187,  438. 

development  of,  792. 

Amotion  of,  443.    See  Urine. 

Malpighian  corpuscles  of,  433,  437. 

tubules  of,  433. 
Knee,  pain  0^  in  diseased  hip,  486, 

506. 
Kreatinin,  813. 
Kymo^ph,  176. 

tracings,  170,  177. 

spring-,  177. 


L. 


Labia  externa  and  interna,  713. 
Labyrinth  of  the  ear,  649  ei  teq. 

membranous,  650,  653. 

osseous,  650. 

function  of,  661. 
Lachrymal  apparatus,  667. 

gland,  668. 
Lactation,  428. 
Lacteals,  354. 

absorption  by,  365.  36^. 

contain  Ij-mph  in  mstmg,  365. 

origin  of,  3j6. 

structure  0^  361. 

in  villij  ^18,  369. 
Lactic  aci^  820. 

in  gastrie  fluid,  296. 
Lactiferous  ducts,  426. 
Lactose,  81Q. 
Lacuna;  of  Sone,  72,  73. 
Lamelhs  of  bone,  74. 
Lamina  spiralis,  652. 

use  of,  66j. 
LaminsB  dorsales,  738,  760. 

viscerales  or  ventrales,  744,  760. 
Language,  how  produced,  615. 
Large  intestine,  320.    See  Intestine. 


^^^^H 
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Mali  Sisital  Fcmctiius. 

uctioa  of.  105. 

.'561.  607. 

itractow  of.  w:- 

wconljiis  to  wi  uid  age. 

Loco*  nijCT,  518. 
Lo«ofinter,S22. 

615. 

Lung*,  113. 

,603,60:. 

ni  mucto,  (HQ. 

™™ll«i«of,  IS 
ffll*«r.  MO,wi. 

1*1  clement,  803. 

rhumc.fbloodi11.l4l. 
eimikCiaD  in,  130,  2jix 

>al  with  Quein,  2i/). 

<:  6rS. 

rOTCTiD^Df,  214. 

j^Uon,  reUtioD  of  third 

•IcTFlopmnit  Dt.  71)1. 

W- 

lobaot'l*;. 
lobuln  of;  Z18.  zzo. 

mtucuIiT  lusiu  of,  235. 

nuent.',  i  [4. 

iicm«,»3. 
DBlHtin  rf.  213. 
podtion  at.  Z13. 
ttractnr  ot  «5-M3- 

L;n.lcofra™UrKland. 

'■'S)A&.,..^. 

tkindiof.595- 

with  blood.  3(.S. 

l-nis 

pumntot  361. 

liiHTf,  311. 

qiuntily  t-mned,  368. 

tin«,J13. 

™™.ot3^ 

fon«tenml(Drre,  13 

''i^ttK'"'^- 

w!!"^j; , 

iI.'vcioDmmt  of  into    ml    blood-mt- 

1 
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Malleus. 

Malleus,  649. 

function  of,  6^8. 
Halpighian  bodies  or  corpuscles  of  kid- 
ney, 435»  447- 

capsules,  438. 

corpuscles  of  spleen,  401. 
Maltose,  284,  819. 
Mammalia, 

blood-corpuscles  of,  105. 

brain  of,  535. 
Mammary  glands,  426. 

evolution,  429. 

involution,  429. 

lactition,  428. 
Mandibular  arch,  760. 
Manganese,  823. 
Manometer,  175. 

experiments    on    respiratory    power 
with,  234. 
Marrow  of  bone,  71. 
Mastic.ition,  274. 

fifth  nerve  supplies  muscles  of,  551. 

muscles  of,  274. 
Mastoid  cells,  048. 
Matrix  of  cartilage,  65. 

of  nails,  421. 
Meatus  of  oar,  648. 

urinarius,  opening  of  in  female,  713. 
Meckel's  cartilage,  760. 
Meconium,  ^37. 
Medulla  of  bone,  71. 

of  hair,  418. 
Medulla  oblongata,  511  ^^  seq, 

columns  of,  512. 

conduction  of  impressions,  514. 

decussation  of  fibres,  513,  514. 

development,  780. 

effects  of  injunr  and  disease  of,  515. 

fibres  of,  how  aistributed,  513. 

functions  of,  QI4  et  teq. 

important  to  life,  515. 

nerve-centres  in,  515. 

pyramids  of,  anterior,  513, 
posterior,  513. 

structure  of,  ^ii. 
Medullary  portion  of  kidnev,  ^. 

substance  of  lymphatic  glands,  363. 

substance  of  nerve  fibre,  466. 
Melanin,  814. 
3Iembrana  decidua,  752. 

granulosa,  713. 
development  of  into  corpus  luteum, 
722. 

limitans  externa,  675. 
interna,  674. 

propria  or  basement  membrane,  385. 
See  Basement  Membrane. 

pupillaris,  786. 
capsulo-pupillarii,  ib. 

tjrmpani,  048,  640. 
office  of,  657—  059. 
Membrane,  blastodermic,  735,  736. 

Jacob's,  675. 


Mitral  Valve. 

Membrane,  continued, 
ossification  in,  76. 

primary  or  basement,  385.     See  Base- 
ment membrane, 
vitelline,  714,  734. 
Membranes,  mucous,  387.    See  Mucous 

membranes. 
Membranes,   serous,   385.     Sec  Serous 

membranes. 
Membranes,  passage  of  fluids  through, 

secretmg,  385. 
Membranous  laoyrinth,  C53,  661. 
Memory,    relation    to    cerebral    hemi- 
spheres, 1^34. 
Menstrual   discnarge,    composition    of, 

718. 
Menstruation,  717. 

coincident  with  discharge  of  ova,  717. 

corpus  luteum  of,  720. 

time  of  appearance  and  cessation,  720. 
Mental  derangement,  540. 

exertion,  effect  on  heat  of  body,  264. 
on  phosphates  in  urine,  459. 

faculties,  ae  velopment  of  in  proportion 
to  brain,  534. 
theory  « f  special  localisation  of,  539 
ct  acq. 

field  of  vision,  705. 
Mercury,  absorption  of,  374, 425. 
Mesencephalon,  780. 
Mesenteric  veins,  blood  of,  120. 
Mesoblast,  736,  737. 
MesocephaloiL,  517. 
Metalbumin,  007. 
Metallic  substances,  absorption  of  by 

skin,  425. 
Metipeptone,  298. 
Metencephalon,  7S0. 
Mezzo-soprano  voice,  612. 
Micturition,  442.  509. 
Milk,  as  food,  207. 

chemical  composition,  431. 

properties  of,  430. 

secretion  of,  azo. 
Milk-curdling  lerments,  817. 
Milk-globules,  430. 
Milk-teeth,  91,  93, 94. 
Millon's  re-agent.  Sou. 
Mind,  cerebral  hemisphere  the  organs 

of,  534,  539- 
influente  on  action  of  heart,  160. 

on  animal  heat,  264. 

on  digestion,  ^00,  306. 

on  hearing,  605. 

on  movements  of.  intestines,  353. 

on  secretion,  397. 

on  secretion  of  saliva,  279. 

in  vision,  696  et  seq, 

power  of  concentration  on  the  senses, 

699. 

of  exciting  sensations,  632. 

Mitnd  yalve,  135, 139* 


8  So 


KoDiOLca. 


Mfldioltu,  Gji. 
JlolfculM,  or  granule*,  30. 
iD  blood,  116. 

mov,'tii™t  .if  [n  «41..  30. 
Molecular  base  ot  rhyle,  366. 


Bma'boiil,  31,  114,  574,  670. 
ciliBrr,32,  SI,  S7i. 
molrcular,  30. 


nerre-fibres  4  9  48^ 
lun-BOf  icTtionar  ati$ 
3IotDr  Iingiin  avrrc  tiW 

orul    or  th  rd  n  rye  549. 
11      n       nd  J  «tw  4  r^ 


ID       36 

"3- 

d   I        rr  uU  u   of  Ruditorj 


bnaement  it    mhmno  of  3S8. 
cap  luiM  of     88 
p   he)  urn  le  la  of  3S9      See  Epil 

■1  e«l      traat,  387 

jnialro  pulmonarv  tract,  387. 

f;ua  to  unnon  tract,  3B8, 

gland  vcili  of    Sg 

of  mleatln»  3  I  321 

of  rtomn  L  2« 

oftoufrue,(.34. 

of  utenu,  cbangea  of  in  prognai 

750- 
n'spiratory  traol,  t88. 
Miicui..38<),  _ 

of  niDulli.  milcii  nith  sdiva,  zrS. 
Mu]lcr'iflbreB,&;6. 
Jiui'exide,  813. 


ebiTQical  conai _ 

confraotilit)-,  584, 

rontmction  mode  of,  585,  tSO. 

-■nrrei,  586. 

dpvelopnient,  582. 

dUc  of  HcnwD,  579. 

elTucl  d(  irtwrnuo  of,  on  veins,  20 


Uuiclea,  ttmiuiHed. 


Krouse's  niemhmnp,  579. 
moacle-rodt.  580. 
nervCB  of,  5S2. 
non-!tmIcd,  574. 

?hy"okyif!^3. 
plain,  574. 
reat  of,  5S3. 
rip"-,  593. 

«iinibilily  of,  585.^ 

found   deielopeu  in   omtaaetion  < 

589-      . 
eourdeofai-tiDn  of.  Goo. 
striated,  577. 
8tnioture.s:4''«V- 
tetiinin,5g7. 

actions  of.'ws- 

blood-vonicle  and  nGrrea  ot,  581. 


condilione  of,  585. 
force,  587. 
- !e,Gco. 


Hukrm 


".  574- 


.tiibility,  584. 
duralion  of,  after  death,  594. 
1       Bonw,  501,  s^Cag, 
!  cerrbelliUB  the  oigui  at,  536. 

I    Muaculartonc,    10. 
UumuIuHb  Mui-a«i',  z86,  289,  311,318, 

MiieruIo-culaneouB  plalo,  758. 
'    Huaical  aocnd?,  61 1,  664. 
Myopia,  or  short-sighl,  (£b. 
Myorin,  583, 593, 807- 


Jfabothi  ^luitlula!,  7 
gruwUi  of,  ill. 
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Nbryb  Gentkb. 

Xerve-cenfrc,  466.   Sec  Cerebellum,  Ce- 
rebrum, &c. 

ano-spinal,  509. 

automatic  action,  490. 

cilio-spinal,  516. 

conduction  in,  485. 

•deglutition,  510W 

diabetic,  t^. 

•diffusion  in,  487. 

functions  of,  485. 

■genito- urinary,  510. 

radiation  in,  487. 

reflexion  in,  i^. 

laws  and  conditions  of,  488. 

respiratory,  5K. 

transference  of  impressions,  486. 

vaso-motor,  516. 

vcsico-spinal,  509. 
Nerve-corpuscles,  476. 

caudate  or  stellate,  477* 

polar,  ib. 
Nerves,  466—485. 

action  of  stimuli  on,  479—481. 

afferent,  480. 

axis-cylinder  of,  467. 

ccntrirugal,  480,  485. 

centripetal,  480,  482. 

cerebro-8j)inal,  465. 

classification,  406,  480. 

conduction  by,  4^3  et  8$q, 
rate  of,  482. 

continuity  of,  467,  513. 

course  of,  471. 

cranial,  540.    See  Cerebral  Nerves. 

depressor,  182. 

division,  effects  of,  476, 483. 

efferent,  480. 

fasciculi  of,  483. 

functions  of,  47^. 
effect  of  chemical  stimuli  on,  481. 
of  mechanical  irritation,  481, 483, 

of  temperature,  481. 

impressions  on,  referred  to  penphery, 

482. 
inhibitory,     480.      See     Inhibitory 

Action, 
intercentral,  480. 
laws  of  conduction,  481. 

of  motor  nerves,  485. 

of  sensory  nerves,  482. 
meduUated,  466. 
motor,  480. 

laws  of  action  in,  ^85. 
neurilemma,  466,  468. 
non-medullated,  469. 
of  spei-ial  sense,  549. 
plexuses  of,  472. 
section  effects  of,  476. 
sensory,  a8o. 

laws  or  action  in,  482. 
size  of,  469. 


N01SB8  IN  Ears. 

Nerves,  eoni'mued, 
spinal,  498,  499  et  seq.,  565.     See 

Spinal  Nerves, 
structure,  466. 

83'mpathetic,  465,  565.    See  Sympa- 
thetic Nerve, 
terminations  of,  472. 
central,  476,  470. 
in  cells.  475. 
in  end-Dulbs,  ^74, 
in  motorial  ena-nlates,  476. 
in  networks  or  plexuses,  475. 
in  Pacinian  coi7>uscles,  472. 
in  touch-corpuscles,  474. 
trophic,  380,  401. 

ulnar,  e^t  of  compression  of,  483. 
varieties  of,  466. 
vaso-constrictor,  183. 
vaso-dilator,  ib, 
voso-inhibitory,  ib, 
vaso-motor,  iw. 
white,  466. 
Nervi  nervorum,  484. 

vosorum,  163. 
Ner\'ou8  force,  velocity  of^  482. 
Nervous  s}'stem,  46^. 
ccrebro-spinal,  405, 491. 
development,  778. 
elementary  structure  of,  466. 
inl1uenc«  of 
on  animal  heat,  263. 
on  arteries,  180. 
on  contnu^tility,  58^.    ' 
on     contraction   ot    blood-vessels, 

180. 
on  erection,  209. 
on  gastric  digestion,  306. 
on  the  heart's  action,  1^7. 
on  movements  of  intestines,  353. 

of  stomach,  306. 
on  nutrition,  379,  380. 
on  respiration,  24^ 
on  secretion,  396. 
on  sphincter  ani,  352. 
sympathetic,  465,^65. 
Neurilemma,  466,  46B. 
Neurin,  811. 
Neuroglia,  477. 
Nipple,  an  erectile  organ,  208. 

structure  of,  426. 
Nitrogen, 
in  blood,  123. 

influence  of  in  decomposition,  33 
in  relation  to  food,  270. 
in  respiration,  239. 
Nitrogenous  food,  266,  268. 
in  relation  to  muscular  work,  601. 
in  relation  to  urea,  451,  452. 
to  uric  acid,  45^. 
Nitrogenous  rompounas,  805. 

non-nitrogenous  compounds,  817. 
Nodes  of  Ranvier,  468. 
Noises  in  ears,  666. 


^^H 
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PiLATB  AND   CTLLJI. 

^^^H 

ed  or  NDD-aitTogeDiiiu  fnod, 

thalnmui,  funetioD  it,  5x1. 

^^^^1 

irimiplc*,  817. 
lUr  pan),  uutritioQ  of,  378. 

VMiclB,  prim«rr,  783. 

S^  Sn^ell. 

Optioal  nngle,  6(J7. 

n  referred  to,  48". 

on  of,  eenaorj-  phenomenn  in, 

Bppw^tiuofeje,  676. 

Ora  »crr«ln  of  retina,  673. 

Orang, 

^^H 

740. 

S- 

brsin  of.  537. 

uulnliQitj  of,  Soi,  80-;. 
Orjmns,  pluinlity  of  perebraU  qw. 
Orstunsofsenw?,  aevclopment  S.  7S> 

of-SS- 

375- 

aa  neccuBarj  to,  37;. 

0»  orbioulsre,  649. 

^^^^H 

Oa  utsri,  7(3. 
Omoaia,  372. 

TOua-i-)TiUm,  J79, 

Oiaooua  labyroiUi.  650. 

cofpBrt,38o. 

CI»irleaoftho<'Br,649. 

^^^H 

pWofbiood,  i;8. 
hic  aories,  38a. 

office  of,  658. 
OiaifiralLon.  -b  ei  >n. 

•aed  pnrW.  379. 

Owirula  iin<litiui.  (149. 

i.^Bnanon-T«lcuiBrp«rt^378. 

OrteobIa8t«,77,83. 
OsteocluU,  81. 

a- 

OtoeonU  or  OloUlhoi,  654,  faj. 

«i,376. 

iiMof,66l. 

Hon,  iS. 

OTaricK,  70g. 

^^^H 

713- 

pnbirgCTuenl  of,  stpaberty,  715. 
GmBflnn  voaiclM  in,  713. 

^^^^1 

0. 

0™™,7.3. 
Ovum.  714. 

n,;S4. 
.6()i,7O0f(M?. 

iction  of  Beminsl  fluid  on,  731, 

uhnngea  of  in  ovary,  71;. 

^^^^^1 

t.,87.' 

prerinua  to  formation  of  embrjo, 
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Falmitin. 

Palmitin,  817. 
Tancreas,  323,  394. 
development  of,  790. 


Papilla  foUata,  638. 
l^apillic, 
of  the  kidney.  432. 
of  skin,  distrioution  of,  411. 

end-oulbs  in,  415. 
epithelium  of,  415. 
nerve-fibres  in,  414. 
supply  of  blood  to,  413. 
touch  corpuscles  in,  414. 
of  teeth,  89,  90. 
of  tong^ie,  614  et  ieq. 
circumvallate  or  cahrciform,  636. 
conical  or  filiform,  636. 
fungifonn,  ib. 
Paraplobulin,  lOO,  1 1 7. 
Paralbumin,  807. 
Par  vaj^um,  501.    See  Pueumogastric 

ncr\-e. 
Paralysed  parts, 
pain  in,  483. 
nutrition  of,  379. 
limbs,  temperature  of,  264. 
preservation  of  sensibility  in,  284. 
Paralysis,  cross,  504,  505,  514, 539. 
Parapcptone,  297. 
I*arapleg:ia, 
delivery  in,  510. 
reflex  movements  in,  ib, 
state  of  intestines  in,  353. 
Parotid  gland,  saliva  from,  278. 

nerves  influencing  secretion  by,  281. 
Pause  in  hearths  action,  140. 

respiratory,  230. 
Pecten  of  birds,  785. 
Peduncles, 
of  the  cerebellum,  522. 
of  the  cerebrum,  or  Crusa  Cerebri, 

Pelvis  of  the  kidney,  432. 
Penis, 

corpus  cavemosum  of,  208. 

development  of,  799. 

erection  ef,  explained,  209. 

reflex  action  in,  510. 
Pepsin,  2q6,  816. 
Peptic  cells,  291. 

Peptones,  296  et  «^f  .,325,  3AI,  347,  808. 
Perception  of  sensations   oy   cerebral 

henuspheres,  534. 
Pericardium,  132. 
Perichondrium,  65. 
Perilj-mph,  or  fluid  of  labyrinth  of  ear, 

(>50,  653. 

use  of,  661,662. 
Periosteum,  72. 
Peristaltic  movements  of  intestines,  352. 

of  stoinarh.  301. 


Pneumogast&ic  Nerve. 

Perivascular  lymphatic  sheaths,  164. 
l*ermanent  cartilage,  65. 

teeth,  92,  93.    See  Teeth. 
Perspiration,  cutaneous,  422. 

insensible  and  sensible,  422. 

ordinary  constituents  of,  423. 
Peyer*s  glands,  315. 

patches,  315. 

resemblance  to  vascular  glands,  329, 

398.        ^ 
structure  of,  315. 
Phakoscope,  681,  note. 
I*harynx,  284. 
action  of  in  swallowing,  287. 
influence  of  glosso-pharjugeal  nerve 
on,  288,  560. 
of  pneumogastric  nerve  on,  288,  563. 
Phenol,  820. 
Phosphates,  823. 
Phosphates  in  tissues,  42. 
Phosphorus  in  the  human  body,  ib, 
Pia  mater,  circulation  in,  206. 
IHgment,  39,  46,  U. 
of  choroid  coat  of  eye,  671. 
of  hair,  418. 
.  of  skin,  409. 

Pigment  cells,  forms  of,  46,  54. 
movements  of  granules  in,  54. 
Pineal  gland,  398. 
Pinna  of  ear,  648,  656. 
Pituitarj'  body,  398. 
development,  759. 
Placenta,  7^0,  753  tt  scq. 

foetal  and  maternal,  755. 
Phints, 
distinctions  from    animals,  3.     See 
also  Vegetables. 
Plasma  of  blood,  97,  99. 

salts  of,  117. 
Plasmine,  99. 

nature  of,  1 00.  , 

Pleura,  214,  215. 
Plexus,  terminal,  475. 
of  spinal  nerves,  relation  to  cord,  472. 
myentericus,  jio. 
Auerbach's,  xo. 
Meisaner's,  ib. 
Pneumogastric  nerve,  561. 
distribution  of^  ib. 
mixed  function  of,  ib, 
influence  on 
action  of  heart,  158. 
deglutition,  287,  516. 
gastric  digestion,  306. 
larynx,  231, 563. 
ODSophagus,  563. 
lungs,  235. 
pharynx,  563. 
stomach,  306. 
respiration,  248,  51C. 
secretion  of  gastnc  fluid,  306. 
sensation  of  hunger,  ^05. 
origin  from  medulla  oblongata,  515. 


tounda,  olijorption  from,  375. 
"-ntri.ctiirD,Si7- 


'o^.lplet 


m  cligcistion,  307. 
,823. 
I,  aMcnce  of  menitruotion  dur- 


I  nerye-»f!(«th,  or  Schwt 
Ti.466. 
-radlia,  &J9. 
-  -d  toales,  52S. 


SsaiiMXTitns. 

PuIm,  uteriul,  eentinued. 

vanatioiii,  t^^, 

in  cspilliirim,  189, 190. 
Purkinje'B  figure*,  690. 
Pylorus,  itniuture  o^  288,  sgi,  J9I. 

uutLou  of,  301,  302. 
PyramiiUl  portion  of  kidney,  jji. 
PjToniida  ot   mrfulla  oblongata,  JIJ, 
513- 


Riulintion  of  imprriisioiui,  4S7,  490. 
Heptuni,  3M. 
KjAm  m.tioni!,  487. 

nf^uirud,  490. 

clusaiflradon,  4S9. 

oompound,  50a. 

coniUtioiu  necMsarj-  to,  4S8. 

iu  diwue,  489,  509. 

exuapluB  of,  489. 

exdto-motoT  utid  aensori-motor,  ^. 

inhibitioD  oT.^o?- 

ilTWularin  dlBeise,  489, 

after  BcpBTHtion  ol  cord  tnnn  hnun^ 

506. 


!awB  of,  488,  4913, 
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Respiratxox. 

Bespiration,  continued. 
movements,   224.      See    Bespiratory 

Movements, 
nitrogen  in  relation  to,  239. 
organic  matter  excreted,  241. 
quantity  of  air  changed,  231. 
relation  to  the  pulse,  155,  233. 
suspension  and  arrest,  252. 
types  of,  228. 
Bespiratory  capacity  of  chest,  232. 
cells,  220  et  acq. 
functions  of  skm,  424. 
movements,  224. 
axes  of  rotation,  225. 
of  air  tubes,  235. 
of  glottis,  231. 

influence   on   amount  of  carbonic 
acid,  244. 
on  arterial  tension,  25a 
rate,  233. 
relation  to  pulse  rate,  155,  233. 
size  of  animal,  t^. 
relation  to  will,  249. 
various,  mechanism  of,  244. 
muscles,  224  et  seq. 
power  of,  233. 
daily  work,  236. 
nerve-centre,  248,  515. 
rhythm,  230. 
sense.  249. 
sounds,  to, 
Sestiform  bodies,  513. 
Bete  mucosum,  409. 

testis,  725. 
Betiform  or  adenoid,  or  lymphoid  tissue, 

^.59,286,289,3". 
Betina.  672. 

blind  spot,  673.  690. 

blood-vessels,  076. 

duration  of  impressions  on,  691. 

of  after-sensations,  id, 
effect  of  pressure  on,  704. 
excitation  of,  690. 
focal  distance  of,  680. 
fovea  centralis,  673. 
functions  of,  677. 

image   on,    how   formed    distinctly, 
680. 

inversion  of,  how  corrected,  695. 
insensible  at  entrance  of  optic  nerve, 
,  673,690. 
layers,  674. 
in^^uadrupeds,  705. 
reciprocal  action  of  parts  of,  ;ro2. 
in  relation  to  direction  of  vision,  698. 

to  motion  of  bodies,  699. 

to  single  vision,  703. 

to  size  of  field  of  vision.  696. 
reflection  of  light  from,  69a. 
structure  of,  674. 
vessels,  676. 
visual  purple,  693. 
Bhinencephaloxi,  "/&, 


SBCSBTIOlf. 

Bibs,  axil  of  rotation,  225. 
Bigor  mortis,  593. 

affects  all  classes  of  muscles,  to, 

phenomena  and  causes  of,  to. 
Bima  glottidis,  movements  of  in  respira- 
tion, 231. 
Bods  of  Cofti,  652. 

use  of,  663. 
Bouleaux,  formation  of  in  blood,  98, 

109. 
Buminants, 

stomach  of,  304. 
Bumination,  id, 
Bunning,  mechanism  of,  600. 
But  or  heat,  713. 


S. 


Saccharine  principles  of  food,  digestitm 

of,  290,  347. 
Sacculus,  654. 
Saliva,  278. 

composition,  27^. 

process  of  secretion,  277,  278. 

quantity,  279. 

rate  of  secretion,  ib, 

uses,  282. 
Salivary  glands,  276. 

development  of,  790. 

secretion,  278. 

influence  01  nervous  system,  280. 

mixed,  278. 

nerves  of,  278. 

true,  277. 

varieties,  277. 
Sarcode,  29.    See  Protoplasm. 
Sarcoleoima,  577. 
Sarcous  elements,  579. 
Sarcovin,  811. 
Scala  media,  652. 

tympani,  i^. 

vestibuli,  t^. 
Sclerotic,  668. 

blood-vessels,  676. 
Scurvy  from  want  of  vegetables,  271. 
Sebaceous  glands,  417. 

their  secretion,  422. 
Sebacio  acid,  820. 
Secreting  glands,  389. 

aggregated,  3QO. 

convoluted  tubular,  ib, 

tubular  or  simple,  t^. 
Secreting  membranes,  385.    i^Muooua 

and  serous  membranes. 
Secretion,  384,  392. 

apparatus  necessary  for,  385* 

cnanges  in  gland-cells  during,  393* 


n 
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» 


„  pancreas,  394. 
L,  t^. 


„  stomach, 
„  salivary  glands,  ib, 
.,        „  Uver,  395.  ^ 
circumstances  influencing,  396. 


Hccwarj  to,  6iS. 

Kttention  on,  624. 
If  brenlbing,  149,  30;. 
m  referred  to  peripherj-, 


Seroii*  ami  386. 
unangenienl  of 


'CD  auridet,  fanmitioa  a!. 


of  linnplutia  witii. 


functioiui,  a. 
liaing  jainti,  et 

MomBta,  354. 


of  blood,  tl6. 
(epsratioii  of,  95,  [  16. 
ScvenUi  cerebnl  nerve,  wa&t/ay  portian, 

luul  portion,  5;;. 
Soi,  influcDce  on  blood,  tl8. 

on  production  of  cirbonic 


l,ijr- 


fenMle,  707,  713. 
in  the  male,  713,  732. 
Sciual  panion,  conne<^tion  of  with  n 
botlum,  5Zy. 
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Smell. 

Smell,  sense  of,  641. 

conditions  of,  id, 

delicacy,  645. 

different  kinds  of  odonrs^  ib. 

impaired  by  lesion  of  facial  nerve,  558. 

impaired  by  lesion  of  fifth  nerve,  555. 

internal  excitants  of,  6^6. 

limited  to  olfactory  region,  644. 

relation  to  common  sensibUity,  ib. 

structure  of  organ  of,  642. 

subjective  sensations,  646. 

vanes  in  different  animals,  645. 
Sneezing,  caused  by  sun's  light,  487. 

mech^iism  of,  246. 
Sniffing,  mechanism  of,  247. 

smell,  aided  by,  642. 
Sobbing.  247. 

Soda,  salts  of  in  blood,  iio,  117. 
Sodium,  822. 

Sodium  in  human  body,  822,  823. 
Somatopleure,  742. 
Somnambulism,  547. 
Solitary  glands,  315. 
Soluble  ferments,  015. 
Sonorous  vibrations,  now  communicated 
in  ear,  656. 

in  air  and  in  water,  656,    See  Sound. 
Soprano  voice,  612. 
Sound, 

conduction  of  by  ear,  65J. 
by  external  ear,  6^5,  656. 
by  internal  ear,  6DI-H663. 
by  middle  ear,  656—661. 

movements  and  sensations  produced 
by,  667. 

perception, 
of  oirection  of,  665. 
of  distance  of,  t^. 

permanence  of  sensation  of,  666. 

produced  by  contraction  of  muscle,  589. 

production  of^  664. 

subjective,  606. 
Source  of  water,  822. 
Spasms,  reflex  acts,  509. 
Speaking,  611. 

mechanism  of,  246,  608. 
Special  senses.  620. 
Spectrum-analysiB  of  blood,  121. 
Spectrum  or  ocular  after-sensation,  691 . 
Speech,  615. 

function  of  tonrue  in,  618. 

influence  of  medulla  oblongata  on,  5 16. 
Spermatozoa,  development  of,  726. 

form  and  structure  of,  727. 

function  of,  729. 

motion  of,  727. 
Spherical  aoerration,  687. 

correction  of,  ib. 
Spheroidal  epithelium,  49. 
Sphincter  am,  245,  350,  352. 

external,  352. 

internal,  321,  352. 

influence  of  spinal  oord  on,  510. 


Stapbs. 

Sphygmograph,  172. 

tracings,  173. 
Spinal  accessory  nerve,  564. 
Spinal  canal  of  cochlea,  65 1. 

lamina  of  cochlea,  652. 
function  of,  662. 
Spinal  cord,  492. 

automatism,  511. 

canal  ofj  493. 

centres  in,  509. 

a    collection    of    nervoui    centres,' 

columns  of,  493. 

commissures  0^  ib. 

conduction   of  impressions   by,   502 

et  »eq. 
course  or  fibres  in,  496,  499. 
decussation  of  sensory  impressions  in, 

504- 
cficct  of  injuries  of,  on  conduction  of 

impressions,  502,  504,  505. 

on  nutrition,  379. 

fissures  and  fuiTows  of,  493. 

functions  of,  501. 

of  columns,  504  et  aeq, 

influence  on  lymph-hearts,  5 10. 

on  sphincter  ani,  ib. 

on  tone,  520. 

of  hunprey,  537. 

morbid  irritability  of,  509. 

nerves  of,  498. 

of  newt,  537. 

reflex  action  of,  506. 

in  disease,  509. 

inhibition  of,  507. 

size  of  diflierent  parts,  493. 

structure  of,  492  et  teq. 

transference,  486,  505. 

weight,  536. 

relative,  ib, 

white  matter,  493. 

grey  matter,  497. 

Spinal  ner^'es,  4^. 

origin  of,  499. 

physiology  of,  500,  565. 

Spirometer,  232. 

Splanchnic  nerve,  182,  353,  567. 

Splanchnopleurc,  742. 

Spleen,  399. 

functions,  406. 

hilus  of,  399. 

Malpighian  corpuscles  of,  401. 

Piilp»  399- 
structure  of,  ib. 

trabeculae  o^  t^. 

stroma  of,  ib. 
Splenic  vein,  blood  of,  120. 
Spot,  germinal,  715. 
Squamous  epithelium,  44. 
Stammering,  618. 
Stapedius  muscle,  649. 

function  ot.  661. 
Stapes,  649,  050. 
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Starch. 

Starch,  815,  818. 
digestion  of 
m  smaU  intestine,  347. 
in  mouth,  283. 
in  stomach,  298,  345. 
Starvation,  272. 

loss  of  weight  in,  ib. 

effect  on  temperature,  273 

sj-mptoms,  ib. 

period  of  death  in,  ib, 

appearances  after  death,  274. 
Steapsin,  325,  817. 
Stearic  acid,  819. 
Stearin,  817,  818. 
Stercorm,  3^8,  349, 818. 

allied  to  cnolesterin,  338. 
Stereoscope,  708. 
St.  Martin,  Alexis,  case  of,  294. 
Stomach,  288. 

blood-ressels,  293. 

development,  7w. 

digestion  in,  296,  345. 
products  of,  297. 
circumstances  favouring,  298. 

digestion  after  death,  307. 

glands,  290. 

lymphatics,  293. 

movements,  300. 
influence  of  ner\*ous  system  on,  306. 

mucous  membrane,  289. 

muscular  coat,  288. 

nerves,  294. 

ruminant,  304. 

secretion  ol,  294.     Sec  Gastric  fluid. 

structure,  288. 

temperature,  294. 
Stomata,  191,  359. 

Stratum  intermedium  (Hannover),  91. 
Structural  basis  of  human  body,  28. 
Stumps,  sensations  in,  483,  622. 
Succinic  acid,  820. 
Succus  cntcricus,  322. 
Sucking,  mochanism  of,  247. 
Sudoriferous  glands,  41^. 

their  distribution,  416. 

number  of,  ib. 

their  secretion,  422. 
Suffocation,  251  et  acq. 
Sugar,  815,  819. 

as  food,  experiments  with,  267. 

digestion  of,  299,  347. 

formation  of  in  liver,  341. 
Sulphates,  823. 
Sulphates  in  urine,  457. 

in  tissues,  823. 
Sulphuretted  hydrogen,  821. 
Suprarenal  capsules,  403,  406. 

development  of,  796. 

disease  of,  relation  to  discolouration 
of  skin,  406. 
Sun,  a  source  or  energy,  11. 
Swallowing,  286. 

ner>ea  engaged,  I'i" , 


TSXPERATTRB. 

Sweat,  d22, 

Sympatnetic  nervous  lyttem,  465,  565. 
character    of    movementB    executed 

through,  570. 
conduction  of  imprenions  by,  569. 
diagrammatic  view,  567. 
dismbution,  568. 
di  visions  of^  465. 

fibres,  difllemnces   of  from   oeiebitH 
spinal  fibrea,  466, 469. 
mixture  with  cerebro-^inal  fibres, 

569- 
f  uncnons,  t^. 

ganglia  of,  568. 

action  of,  ^69  el  aeg. 

co-ordination  of  movements  by,  571. 

structure,  568. 
in  substance  of  organs,  572. 
influence  on 
blood-vessels,  x8o. 
animal  heat,  264. 
heart,  157. 
intestines,  310. 
involtmtory  motion,  57a 
nutrition,  380. 
salivary  glands,  280. 
secretion,  ib. 
stomach,  306. 
structure  of,  565,  568. 
S}'novial  fluid,  secretion  of,  387. 

membranes,  386. 
Syntonin,  807. 

Systemic  circulation,  131.     See  Circu- 
lation, 
vessels,  134. 
Systole  of  heart,  141. 


T. 


Taste,  632. 

after-tastes.  640. 

conditions  lor  percepti<m  of,  632. 

connection  with  smell,  O40. 

impaired  by  injury 
of  facial  ner?e,  558. 
of  fifth  nerve,  355,  556. 

nerves  of,  555,  500. 

seat  of,  633. 

subjective  sen^tions,  641. 
Taste-goblets,  637. 
Taurin.  811. 
Taurocnolic  acid,  334. 
Teeth.  85. 

development,  89. 

eruption,  times  of,  93. 

structure  of,  85. 

temporary  and  permanent.  01  et  geq. 
Temperament,  influence  on  blood,  1  iB. 
Temperature,  255. 

average  of  body,  t^. 

changes  of,  effects  of,  257. 

circumstances  modifying,  255. 
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Temperatuks. 

Temperature,  contintted. 

of  cold-blooded   and   wann-bloodcd 
animals.  257. 

in  disease,  ib. 

influence  on  amount  of  carbonic  acid 
produced,  238. 

loss  of,  260. 

maintenance  of,  2s8. 

of  Mammalia,  Birds,  etc.,  257. 

of  paralysed  parte,  264. 

regulation  of,  260. 

relation  of  to  combustion  of  carbon 
and  hydrogen,  258. 

of  re8])ired  air,  237. 

sensation  of  variations  of,  630.    Si'C 
Heat. 
Tendons,  structure  of,  57. 

cells  of,  t^. 
Tension,  arterial,  175. 
Tension  of  gases  in  lungs,  241. 
Tenor  voice,  612. 
Tensor  tympani  muscle,  649. 

office  of.  060. 
Tessclatea  epithelium,  44. 
Testicle,  723. 

development,  793,  794. 

descent  of,  797. 

structure  of,  725. 
Tetanus,  587. 

Thalamencephaion,  780,  781. 
Thalomi  optici,  function  of,  520. 
Thirst,  305. 

allayed  oy  cutaneous  absorption,  425. 
Thermogenic  nerves  and  nerve-centres, 

264. 
Thoracic  duct,  354. 

contents,  368. 
Th^us  gland,  402. 

function  of,  406. 
Thyro-arytenoid  muscles,  607. 
Tlmoid-gland,  402. 

mnction  of,  405. 
Thyroid  cartilage,  structure  and  connec- 
tions of,  606. 
Timbre  of  voice,  612. 
Tissue,  adipose,  61,  63. 

areolar,  cellular,  or  connective,  59. 

clastic,  57. 

fatty,  61. 

fibrous,  57. 

gelatinous,  56. 

retiform,  59. 
Tissues, 

connective,  53. 

elementary,  structure  of,  43. 

erectile,  208. 

vascular  and  non-vascular,  378. 
Tone  of  blood-vessels,  180. 

of  muscles,  510. 

of  voice,  612. 
Tongue,  6u. 

action  of  in  deglutition,  287. 
in  sucking,  247. 


Tunica  Albvginea. 

Tongue,  continued, 
action  of  in  speech,  618. 
epithelium  of,  637. 
influence  of  facial  nerve  on  muscles 

0^,559.    ^    ^ 
motor  nerve  of,  ^65. 

an  organ  of  touch,  639. 

papillffi  of,  634—037. 

parts  most  sensitive  to  taste,  633,  637. 

structure  of,  634. 
Tonsils,  284. 
Tooth,  85.    See  Teeth. 
Tooth-acne,  radiation  of  sensation  in. 

Tooth-pulp,  86, 88,  90. 
Touch,  624. 

after  sensation,  632. 

conditions  for  penection  of,  627. 

connection  of  with  muscular  sense, 
629. 

co-operution  of  mind  with,  632. 

fimction  of  cuticle  with  regard  to, 

of  papilla)  of  skin  with  regard  to, 

415- 
hand  an  organ  of,  626. 

illusions,  628. 

modifications  of^  625. 

a  modification  of  common  aeniationy 
625. 

special  organs,  626. 

subjective  sensations,  632. 

the  tongue  an  organ  0^  ^9. 

various  degrees  of  in  diilerent  parts, 
627. 
Touch-corpuscles,  414, 474. 
Trachea.  215. 
Trabecula)  cranii,  75^. 
Tradescantia  Yirginica,  moTements  in 

cells  of,  31. 
Tragus,  648. 

Transference  of  impressions,  ^86,  502. 
Transplanted  skin,  sensation  in,  404« 
Traube's  curves,  251. 
Tricuspid  valve,  135. 

safety-valve  action  of,  143. 
Trigeminal  or  fifth  nerve,  551. 


effects  of  injury  of,  C54, 555. 

,  380,  481. 
rvpsin^  325,  ^ 
Tube,  Eustachian,  648,  660. 


Trophic  nerves,  *« 
Trypsin,  325, 816. 


Tubes,  Fallopian,  710.    See  Fallopian 
tubes. 

looped,  of  Henle,  436. 
Tubular  glands,  390. 

convoluted,  %b, 

simple,  ib, 

of  intestines,  313. 

of  stomach,  290. 
Tubules,  42. 
Tubuli  seminiferi,  726. 

uriniferi,  433. 
Tunica  albuginea  of  testicle,  724. 
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Tympanum  or  middle  car,  648. 

development  of.  787. 

functions  of,  656. 

membrane  of,  049. 

etructure  of,  ib. 

use  of  air  in,  656. 
Tj'pes  of  reepinition,  228. 
Tyrosin,  811. 

U. 

Ulceration  of  parts  attending  injuries 

of  nerves,  379,  555. 
Ulnar  nerve, 

effects  of  compression  of,  483. 
Umbilical  arteries,  756,  773,  776. 

contraction  of,  177. 

cord,  756. 

vesicle,  744. 
Unconscious  cerebration,  540. 
Unorganised  ferments,  815. 
Unstrined  muscular  fibre,  574. 

development,  582. 
Urachus,  748. 
Urate  of  ammonia,  455. 

ofsoda,  454,  455. 
Urea,  449,  812. 

chemical  composition  of,  451,  812. 

identical  T^ith  cyauate  of  ummonium, 
ib. 

apparatus  for  estimating  quantity,  452. 

properties,  450. 

(quantity,  451. 

in  relation  to  muscular  exertion,  453. 

sources,  452. 
Ureides,  ."13. 
Ureter,  432,  440. 
Urethra,  development  of,  801. 
Uric  acid,  433,  813. 

condition  in  whicli  it  exists  in  urine, 

454- 
forms  in  which  it  is  deposited,  455. 

proportionate  quantity  of,  454. 

source  of,  ib, 

variations  in  quantity,  ib. 
Urina  sanguinis,  potfts*  et  cibi,  446. 
Urinary  bladder,  440. 

development,  798,  799. 

regurgitation  from  prevented,  442. 

structure,  440. 

nerves,  441. 
Urinary  feimentfi,  817. 
Urine,  443. 

abnormal,  446. 

analysis  of,  443. 

chemical  composition,  ib. 

colouring  matter  of,  ^,  456. 

cystin  in,  460. 

decomposition  by  mucus,  451. 

expulsion,  442. 

extractives,  457. 

flow  of  into  \)Vaddcx,  ^. 

gases,  460. 


Vascular  Glakds. 

Urine,  continued. 
hippuric  add  in,  456. 
mucus  in,  ^6. 
^  oxalic  acid  in,  4G0. 
'physical  chancters,  443. 
pigments,  44A,  456. 
quantity  of  cmef  constituents,  444. 
reaction  of,  443. 
in  different  animals,  444. 
made  alkaline  by  diet^to. 
saline  matter,  457. 
secretion,  447. 
effects  of  posture,  etc.,  on,  442. 
rate  of,  ib. 
solids,  449. 

variations  of,  445. 
specific  gravity  of,  443. 

vitriations  of,  445. 
urates,  454,  455. 
urea,  4it.9. 
uric  acid  in,  453. 

variations  of  specific  gravity,  445. 
of  water,  447. 
Urochrome,  014. 
Urobilin,  814. 
Uroerythrin,  814. 
Uterus,  711. 
change  of  mucous  membrane  of,  75: 
development  of  in  pregnancy,  382. 
follicular  glands  of,  750. 
niasculinus,  790. 
reflex  action  of,  510. 
structure,  712,  752. 
Utriculus  of  labyrinth,  654. 
Uvula  in  relation  to  voice,  614. 


V. 


Vagina,  structure  of,  712. 

Vagus  nerve,  561.    See  Pneumogastric. 

Valerianic  acid,  819. 

Valve,  ileo-cffical,  structure  of,  321. 

of  Vieussens,  523. 
Valves  of  heart,  134. 
action  of,  142 — 147. 
bicuspid  or  mitral,  135. 
semilunar,  139,  144. 
tricuspid,  135,  143. 
of  lymphatic  vessels,  361. 
of  veins,  193  et  seq. 
ValvuliB  conniventes,  311. 
Vas  deferens,  724. 
development,  795. 
I    Vasa  efferentia  of  testicle,  725. 
i  of  kidney,  438. 

1       recta  of  kidney,  439. 
of  testicle,  725. 
vasorum,  162. 
i    Vascular  area,  746,  763. 
Vascular  glands,  398. 

in  relation  to  blood,  405. 
,      %fcN^\"s5L  <2k^<t^A  of ^  405  et  eeq. 
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Vascular  Pa&ts. 

Vascular  parts,  nutrition  of,  378. 

Bystem,  deyclopmctit  of,  763. 
Vaso-constrictor  nerves,  183. 
Vaso-dilator  nerres,  ib, 
Vaflo-motor  influence  on  blood-pressure, 

ib. 
Vaso-motor  nerres,  180,  568. 

effect  of  section,  180. 

influence  upon  blood -pressure,  184. 
Vaso-motor  nerve-centres,  181,  516. 

reflection  by,  181. 
Vegetable  substances,  digestion  of,  310. 
Vegetables   and   animals,    distinctions 

between,  3. 
Veins,  193. 

anastomoses  of,  196. 

blood-pressure  in,  197. 

circulation  in,  195  et  seq, 
rate  of,  202. 

influence  of  expiration,  199. 
inspiration,  tb, 

cardinal,  775. 

collateral  circulation  in,  196, 

cranium,  206. 

development,  772. 

effects  of  muscular  pressure  on,  195. 

of  respiration  on,  19^. 

force  of  heart's  action  remaining  in, 

197- 
influence  of  gravitation  in,  198. 

parietal  system  of^  773,  774,  776. 

rhythmical  action  in,  197. 

structure  of,  193. 

systemic,  134. 

umbilical,  756,  773. 

valves  of,  IQJ. 

velocity  of  olood  in,  202. 

visceral  system  of,  773,  774. 
Velocity  of  olood  in  arteries,  201. 
in  capillaries,  202. 
in  veins  J  202. 

of  circulation,  200. 

of  nervous  force,  a82. 
Vena  porta,  119, 320,  328. 
Vense  nepatica)  advehentes,  773. 

revenentes,  773. 
Ventilation,  243. 
Ventricles  of  heart,  132,  141. 

capacity  of,  k6. 

contraction  of,  141. 
effect  on  blood-current  in  veins,  197. 

force  of,  155. 

dilatation  of,  156. 

of  larynx,  office  of,  615. 
Ventriloquism,  617,  665. 
'  Vermicular  movement  of  intestines,  352. 
Vermiform  process,  320. 
VertebrcB,  development  of,  741,  756. 
Vesicle,  germinal,  714. 

Graafian,  710,  713. 
bursting  of,  716. 

umbilical,  744. 
Veslcula  germinativa,  714. 


Vocal  Cords. 

Vesicuhc  seminales,  729. 

functions  of,  730. 

reflex  movements  of,  510. 

structure,  730. 
Vestibule  of  the  ear,  650. 
Vestigial  fold  of  Marshall,  776. 
Vibrations,  conveyance  of  to  auditory 
nerve,  655  et  seq. 

perception  of,  623. 

of  vocal  cords,  603. 
Vidian  nerve,  558. 
Villi  of  intestines,  317. 

action  in  digestion,  369. 
Villi  in  chorion,  750. 

in  placenta,  754. 
Visceral  arches,  development  of,  760. 

connection  with  cranial  nerves,  761. 

lamina)  or  plates,  744,  760. 
Vision,  667. 

angle  or,  697. 

at  different  distances,  adaptation  of 
eye  to,  680  et  acq, 

contrasted  with  touch,  698. 

corpora    quadrigemina  the  principal 
nerve-centres  of^  520. 

correction  of  aberration,  687,  688. 
of  inversion  of  image,  695. 

defects  of,  68d. 

distinctness  of,  how  secured,  680  et  »eq, 

double,  701. 

duration  01  sensation  in,  691. 

estimation  of  the  form  of  objecta,  698. 
of  their  direction.  698. 
of  their  motion,  699. 
of  their  size,  697. 

field  otj  size  of,  696. 

focal  distance  of,  680. 

impaired  by  lesion  of  fifth  nerve,  qci, 

555. 
influence  of  attention  on,  699. 

modified    by  different  parts  of   the 
retina,  702. 

in  quadrupeds,  705. 

single,  with  two  eyes,  703. 
Visual  direction,  698. 
Vital  or  respiratory  capacity  of  chest, 

232. 
Vital  force.  24. 
Vital  capillar\'  force,  192. 
VitelUn,  808. 
Vitelline  duct,  744. 

membrane,  714. 

spheres,  734. 
Vitreous  humour,  679. 
Vocal  cords.  603. 

action  ot  in  respiratory  actions,  246 
et  »eq. 

approximation  of,  effect  on  height  of 
note,  608. 

elastic  tissue  in,  q8. 

lon^r  in  males  than  in  females,  612. 

position  of,  how  modified,  608. 

vibrations  of,  cause  voice,  604. 
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Voxcx. 

Voice,  603, 611. 
of  boys,  612. 
compawof:,  611.  ^ 

conations  on  which  strength  depends, 
612. 
Voice,  hunuin,  produced  by  vibnition  of 
Yocftl  ooras,  603,  615. 
in  eunuchs,  612. 
influence  of  age  on,  613. 
of  arches  of  palate  ana  urula,  614. 
of  epiglottis,  608. 
of  sex,  6t2. 
influence  of  yentricles  of  laiynx,  615. 

of  vocal  cords,  604,  608. 
in  male  and  female,  612. 

cause  of  difilerent  pitch,  612. 
modulations  of,  613. 
natural  and  faLwtto,  t^. 
peculiar  characters  of^  613. 
varieties  of,  612. 
Vomiting,  302. 
action  of  stomach  in,  303. 
voluntary  and  acquired,  303. 
nerve-actions  in,  303. 
Vowels  and  consonants,  615. 
Vulvo-vaginal  or  Duveniey's   glands, 

713- 


Walking,  597. 
Water,  821. 
absorbed  by  skin,  425. 

by  stomach,  345. 
amount, 
in  blood,  variations  in,  116. 
exhaled  from  lungs,  240. 
from  skin,  42^. 
forms  largo  part  of  human  bodv.  821. 
influcuce  of  on  coagulation  of  olood, 
103. 
on  decomposition,  805. 


ZOITA  PZLLUCIBA. 

Water,  eoHiimietL 
in  nrine^  excretian  of,  447. 

variationa  in.  44c. 
loss  of  from  body,  022. 

Qaet,82i. 
quantity  in  vaiions  tissoes,  H. 
source,  823. 

vapour  of  in  atmosphere,  2^7. 
Wave  of  blood  causing  the  pmae,  171. 

veboity  of,  172. 
White  corpuscles.  113.    See  Blood-cor- 
puscles, white;  and  Lympb-cor- 
puacles. 
White  tibro-cartilage,  68. 

fibrous  tissue.  57. 
Willis,  circle  or,  206. 
Wolffian  bodies,  792  et  seq. 
Wolffian  duct,  t^. 


X. 

Xanthroproteic  reaction,  806. 
Xanthin,  813. 


Y. 


Yawning.  247. 
Yelk,  orvitelWjid. 

changes  of,  in  Fallopian  tube,  734. 

clcavmg  oj^  ilf, 

constriction   of  by  ventral  laminae, 

744- 
Yelk-sac.  744  et  s^q. 

Yellow  elastic  fibre,  56,  57. 

fibro-cartilage,  68. 

spot  of  Sommering,  673. 


Z. 

Zona  pellucida,  714,  734. 


THE    END. 
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